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FPR^WORD 


rimiS li^le l:)5Dk*i8 noi a text-book: it is not intended to be. It con- 
-L "gists, essentially, offe number&rticles»on the Electro-deposition 
of Metals that app^red from to tin|^*in Beama, and to the 
editor of*thi8 journal the author ^s much indebted fo^permission to 
r4^roA«e the articles in book ^qfm^ • * * * 

The author’s object in seeking feputilication is«to hSp still further 
those who may feel need gf assistaijpe in tieir work conned^'with the 
defasition of metals. It is desired to assist foreman platers, works chem¬ 
ists, and engin eers, especially. In order to do so asifar as possible the 
authorlias omitted much. The subject-matter has been carefullj choseto, 
and thosU nfttals only have been considered which are of most general 
interest. Silver might, perhaps, have been included, but economy at 
space did not permit of this. 

The author has stepped out of the rut that text-hooks on Electro¬ 
plating follow, and he has endeavoured to treat his subjects from a fresh 
point of view. He has not hesitated to insert his own^practical «a:peri- 
«ice. A fa mili ar and conversational style of expression has been deliber¬ 
ately adopted. *?'he author has wished if) “ talk ” to the reader : but 
ft he has not, even s«, made plain that which he intends to convey, 
there still remains a partial remedy. If any one does not understand 
th& or that in the book, and he seriomly wishes to do so, let him commmjj- 
natf ^bis trouble to the author. His letter will be received with pleasure. 
The authoi^ w^l- b * only too glad to resolve doubts : he considers it a 
moral obligation tb d^so. It is an author’s duty to make clear his mean- 
ing-Anot to puzzle his r^det with linguistic conundrums. 
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OHAM’tlR I* , 

A'GENEI^L IrEVIEV 

r I'lift!* applied science of ellbtjo-ragtallurgy may conveniently 
.1 divided into (1) Electric furnace work, and {‘Mj Electro-deposition; 
and the latter is hroac^y divisi|jle mto^(i) Electro-refinjjjg, and (ii) 
Electro-plating. This book deals almost entirely with electro-plating, 
wfech has secured a firm footing in the industry t)f the country. 

(i) Elkctro-Eefining 

While undoubtedly electro-plating is, in England, much more widely 
practised than any of the other divisions of electro-metallurgy, yef, just 
as certainly, considerable progress has of late yearslaeen made in electro¬ 
refining, not only elsewhere abroad, but also in the'British Colonies. 
Crude copper and zinc are refined electrolytically in Australia and 
Tasmania ; and it is interesting to note that, despite gloomy forebodings, 
zinc refining is now a commercial propositioiw There'is no doubt that 
the great obstacle to the development gf an electro-refining industry 
in this country Is the cost of power. Copper is the only metal that has 
r-been seriously considered at all in this country; and with one or two 
notable exceptions, as, for example, the pioneer work of the Elliott Metal 
Cj>., even the electro-refining of copper has been left alone. • The market 
prices (in London) of ordinary “ Standard,” and of electrqjytic coppSr, 
respectively, show that the margin is not sufficiently great to induce 
English capitalist^ to sink the capital outlay necessary—at any rate 
for small-scalS operations. 

Some remarks refcently made by Mr. S. Field, whose work on the 
elecirolytic extraction o^ziifc is well known, are instructive. He says : ^ 
“ . . . it shquld be remenibered that no large scale or commercial plant 
ha# yft betfn put down in^his country. Certain experiments carried out 
in South Wales by^ne of the zinc firms produced between 100 and 200 
tons of the pure metal. Then the experiments closed dowli with a view to 
Building ^pon a more convenient site and on a very mueli fargSt scale. ^ 

‘ “ EleotnJ^Je^sKSon'and Electro-plating,” rcprinlfd fro«i the Trane. Far. Soc., 
1921, vol. p. 492. See pidl |{ the reprint. 
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You couM Hot p;odu(% eleof^lytio zucc&commeTcially in Ais oount^ 
with a plant of lJ.tons a day capacity; the nearer it gets to 20 & evrai 
100 tons a day the better .the prospfect will be.” 

But there is hope. It seeitfs that GennapjjaoveAents in Devons^re 
before the war have led tocthe consideration a. syndficate of th^ro-' 
position of co'pper-refiniifg % electrolysis in th|t county.." It is proposed 
to lay out a large sum^soipe millions) in electrical plant, which will 
be use4„in considpiUble joart, to supply enei^y for refining purposefb 
Water-power not being a^ilable, lignite*beds eaisting fn |he country 
will be made the scernse of cheap power. The chairman dl th(f,syndicate 
is a well-known Midland ipanufocturer. Copimenting briefly on.'the 
scheme, Professor H. E, Carpeiit’erK F.St.S.; says : ^ “ In the ye%r8 
immediately preceding the y^ar,Qt^vr United Spates ^f America refined 
electrolytically more than 90 per ctLt. of the world’s output of pure 
coppei’. ' itidst OT^this production was^ j,bsorbed by the electrical indiustry;' 
Great Britain, j^ccordingly, was obliged‘'to obtain the bulk of liiis type 
of copper from Amfciica, and in 1913 imported about 100,000 tons.” 
It is to be^oped that this project wjU succeed. 

Things are different abroad, including the British Dominions,^! 
places where water-poi^er is available. The electro-refining of zinc has 
become, of recent years, an established industi/ in Aust ralia, gjd. Tas- 
maiiia—to mention only British Possessions. And the introduction of 
the process into Burmah has, the writer understands, already been made. 
Xhat it will ever be commercially possible to adopt electrolytic methods 
in this country (in the case of zinc) is, at present, questionable. As Mr. 
Field points out, it certainly could not bo done with a small jilant. But 
if the scheme for copper-mfining above mentioned were to succeed, 
then it might become quite pos.sible to treat zinc as well. 

Theoretically, the process of electrolytic refining is simple enough, 
though in practise things arc not so simjdo. It consists of the transfer 
of the metal (copper, zinc," or other), by electrolytic means, from a sheet 
of impure to a sheet of pure melal. The two .sheets of metli are suspended 
in an aqueous solution of some salt, usually the sulphate, of the metal tq 
be refined ; and the electric current is passed—froni the source of current 
supply to the impure sheet (called “ the anode ”), on from the anode, 
through the solution, to the pure sheet (called “ the cathode ”),^ afid 
then on fronf the cathode to the source of current. Most of the impurities 
in the anode (the soluble sheet) either fall to the bott jm of the vat fliat 
contains the solution, or are held in solution, if they are soluble, and 
prevented, by taking proper precautions, from being deposited with the 
copper or zinc (or other metal) upon the calhodc sheets. The purity pf 
the refined metal is frequently as high at> 9905 per cent, and 99’99 per 
cent. " • o 

Lead and iron are two other metals that ^;re refined eleotrolyt&ally, 
on a,considerable scale, in the United States of America. But nothing 
has bean atee^pted in this country^ 

‘ J^ot.ure, Feb. 19,1920. ^ t " ’ » - • 

• In zinc-refining and"zino-extraction it is not unusual to use sfieet^ of aluminium as 
cathodes. ' ' . 
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(ii) •El^ctb^-Plating/ 

^lectro-platiHg is thelrtnch of electK^metallurgy that hasJbeeamoBt 
M^naiwly de^ploped; ia this country. Jhe. silver-placing trade of 
Slh^eld aa'd Bifniiiighanf and the siokel-plating industrjuof the Midlands 
are worid-fampus. . NevCtthelste, .the prEseni'i st^ge of develmment, 
Whethet ift regard:-!* ailjrfiUaak^Wother i^ah ^ far as ‘^'I&cbss ” 
is cohi^met^ tfralold >'Waiter (1* €|ie procfe' i processes employed 
aie,,.^ gelt^l, at'leas^he,equal of Aose j^plo^ea elsewhere, yet (2) 
the^pre-ne^ .by, intch^ TjiS^hey * 

, • It may M couveflie^ Stetelkj^'plado tfiat the general procedure 
is .^ectfq-platiligde similaf'to th£^^,%recl:ro-i^fining, namely, transfer 
sf toetal from anode to .'cathode Jjy the agency of the ^ectejjacqjrent. 
Iti ihl case of electro-plating, howe^r, ,the cathode (th^article deposited 
apon) is some object---a spoon, fcAk, or the like, .©sm# cycle or motor 
iittmg,- and so on—which may or may not be of the same kind of metal 
V tjm^eposit. Furthernibre, the'object of electro-plating ^ different. 

be decorative—to make an “ ugly ” metal look pleasing ; or it 
ratjf he protective, as ii^ electro-galvanizmg ; or, again, it may be both 
iPcoraPwwliflfdprotective, as in the case of much nickel-plating. . 

<' In this chapter, silver, nickel (and cobalt), zinc, copper, and iron are 
JOHsidered individually, as being the most important; only a few words 
ire'given to the remainder. * 

(a) Silver^ 

The “process” of silver-plating is to-day essentially the same as 
it was sixty years ago. The same highly-poisonous solutjon of the double 
cyanide of silver and potassium is used ; the same slow rate of deposition 
obtains ; and tjie same old-fashioned mcljjiods of working are employed. 
With the excepflon of a few mechanical devices for keeping in motion 
^>he articles that are baing plated, no innovations or impoitant improve¬ 
ments have been made. 

(b) Nickel and Cobalt 

1. Nickd. The^osition is somewhat better in regara to nicicei. up 
to the year* 1908 ,the solution used for nickel-plating consisted of the 
double sulphate of niekel and ammonium dissolved in water. This was 
the Solution patented in this country by Dr. Isaac Adams in 1869 and 
1870, and jv^ich was reSlfy a‘modification of Bottger’s dilution. It 
contained but little nickel ^metal); and, in the case of “ still ” vat work 
(that 18 , where neiljier the solution nor the articles being plated are 
mechanically moved), the current density employed ■vtas small—not 
iSbre than 3 amperes per square foot tif surface. Hence, fc« nearly forty 
years nq ^ogress of ai^account had been made. In 1908 a development 

* On^ saving reference to silver is made. This metal will not be considered separ¬ 
ately and individually in this AKik, linoe it is not one of prime importance in engineering. 
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occurred, which wae occasioaed by the threat of foreign competition 
A solution of a wholly ^erent type iroin the “ double salts ’’^nieke’ 
ammonium sulphate) bath was inftoduced from abimd in or about ^ 
year 1908. This solution obnsfsted primarily |nd mostly of the “ s^h 
saltof nickel (nickel sidphate). The result wfe.that since the “^single 
salt is very nftiQh more soluble than ^e “ douye,” and cbntains a mucl: 
greater percentage of nickel, the solution could be made much mori 
concentrated in meM, apd, as a cossequ^i&e, the rate of depositioc 
could be greatly incrcMed-e-for “ s^K’ vat wor*k it was more%han doubled 
Such a bath, giving? m it did, equally as good an#* in semeSespiTOts bettei 
deposits of nickel, aff&ted <tutpu# as regards*bf>th qijality and quantity 
The spur thus applied,!^ Weign comp#tit«fn (supported, <& it was, 
both money and scientific pfocidi^l had a benefioj^l effect upon the 
whole of the nickel-plating industry'of the country. Baths 6f similai 
type to the foreign product were, result of research work, placec 
on the market \iej British manufdctuners, and soon succeeded in cneckinf 
the foreigner’s career. The advance from the scientific point of viev 
was, that Mckel-plating began to bedooked upon as a matter deservim 
of scientific research. ^ regards the solutions used, however, practicell§ 
no further development has occurred. In a recently published work,' 
edited by Dr. J. N. Friend, two recipes for nihkel-plating-salaljars art 
given, which represent, presumably, what the author imagines to bt 
the latest word on such solutions. Both contain the eld-fashionec 
“ double salt ” ; one is said to work at 5 amp./ft.^ and the other at 1( 
amp./ft.® The writer has reasons for believing that neither of thest 
solutions is known any extent outside the laboratory. Nor is eithe: 
of them likely tti be so. It is a scientific impossibility for any batl 
containing nickel “ double salts ” to compete with the “ single salts ’ 
solutipns. The advances which remain to be made (and they are many) 
will be in the dftection o| the development of “ single salts ” solutions 
Indeed, research is now being condu(^d along the lines indicated, witl 
the result that several baths have been composed that' can be worke( 
at more than twice the rate possible with any solufjion now on the market 
Moreover, the deposition can continue uninterruptedly for a week or more 
and deposits obtained that measure over one-fifth of an inch in thickness 
• Nickel-plating is applied to a very large number of articles, amdhj 
the chief of which may be enumerated those belonging to the following 
Cycle and motor parts, sanitary fittings, gramophone ]^rts, toys, electrica 
fittings, and saddlery and harness furnishings. This varieW m appliance 
shows the importance of the industry; and this is emphasized by th 
fact that, although the average thickness'bf the deposit (even oif th 
best plated cycle or motor part) does not ifiifch exceed ^|/.1000" (it L , 
often much less), yet some 500 tons of metallic nickel ara coi^suffiicd 
annually in England for nickel-plating purposes. 

2. Cobalt, ^his is a much-neglected metal. The neglect may be due 
in part to'tl^ comparativdy higlf cost of the metal in pre-war daip*; 
but it is undoubtedly partly due to (i) lack of initiative and feiterp^, 
and (ii) unfamiliarity with the properties of the m%W an^he possibilities 

( ^ 

‘ Text-book oj Inorganic Chemistry, 1620, fol. ii. part 1. 
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« its use. At the present time there is ao excise for the latter. The 
prodoftiod, physical and chemical properties, and possible applications 
of cobalt, have been studied lecently Ijy the metAUurgista of the Canadian 
Ik^emment, and the resets of ftieir researches are embodied in a series 
of ^bUcations issued bylblle Mines Branch of the Department of Mines, 
Ottawai Canad^a.^ The conclusions of Dr. J. T. Kahnus and his colla¬ 
borators on the’ subject ftf the coiMarative merits of nkxel and cobalt 
for plating purposes are ^ the effect that, (n ajcount of its greater 
Hardness and^ts advanta^in re|ajd<to som® other *phy8ical JK'd^eMiies, 
deposited dbb^lt is preferable to deproited nicSel. i Moreover, the rate of 
deposition of cobsHt frW its solutions can be mnch greater than that 
of nickel fS;^ baths of flhlAogous ^mpositign. 4t may be mentioned, 
in'relation to-what lias bee/hsatd above abdut ’“ single ” and “ double ” 
nickel salts, thftt B#. Kalmus indic^^tRat shlutTons made up of “ single " 
cobalt salts (that is, for instance-cobalt sulphate) are imny.tjmes fastei 
in working than those based upm ft^e double ” salts^ cobalt (that is, 
those containing ammonia). An iftteresting and iijjpoifant fact is, thal 
the results of the researches made and the conclusions reached, as em¬ 
bodied in the reports referred tct, have Ticen applied and? confirmed, 
.’•CSpectively, in actual works practice and on a csnsiderable scale. 


vc) Zinc 

Electro-plating with zinc is used only for protective purposes. It is 
employed to coat iron articles, and so protect them from the natural 
agencies of corrosion—atmosphere, sea-water, ani^ others. The process 
is termed electro-galvanizing, in contra-distinction to the hot or pot- 
galvanizing method of protecting iron. ’ 

Electro-galvanizing is gradually becoming more and more adopted 
as its merits become better known. The process has had to fight prejudice 
and inertia, as well as to justify its existenca in the matter of cost. A 
hopeful featurei^is that, during th« few ;^ears preceding the war, electro- 
galvanizing was gaining ground in the Glasgow and Falkirk districts 
m Scotland. Outplaters in these districts (by “ outplaters ” is meant 
those who do not themselves manufacture the goods, but receive them 
f(om others to plate—their business is electro-plating simply) found 
themselves able to make satisfactory profits on the electio-galvanizJhg 
of tuch ch^p andjCrude articles as hot-water boshes, air-bricks, conduit 
pipes, and,lMge bolts and nuts. During the war much use was made 
of ^leptro-gaivaMizing for protecting sea-planes and mines from the 
coiyosive actiorfof sea-wat()r. In general, it may be said that, while its 
emplo 3 unent in this coimtry ^ very limited as compared with its use 
in America «nd on the ^ntinent, electro-galvanizing is steadily‘gaining 
^r5u*d hefe. It is someythat regrettable that its advocates should allow 
their enthusiasm to»outrun their discretion. The use of electro-galvanizing 
a means of protection has its lii]jit8 ; its range of application is also 
fimited.. For iMtance, steel springs, cycle spokes, and, in general^ articles^ 
subject to .tension, a% likely to be harnied by the operations of electro- 
l Mtvarla . Nos. 259. 309. and 3.34. * 
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galvanizins. And furtker, thi# method isTiot likely to compete suocesf'- 
fuUy, in the matter of cost, with the 'fol process in the cmsh o^metal 
shert. The justifiable aKplications of elecw-galvanizing are snfiioiently 
numerous. To the articles meptiohed ibove there may be added : 
inside of steel tubes in order to facilitate theMetection of flaws; ®ire < 
strip for flexible tubing* cdtset fittings, nuts, mbits, and washers of all 
sorts and siz ^4 sad-irons and hardjvare of Similar description; and 
' many more. i • 

In ka»-scientific* Sspeci; zmc-yatii% ha^ Jtad much s^ention paifl 
to it— outside this ooimtrf. The researches of Heyn and^Balier in Ger¬ 
many, and of Cushfliali, Burgess, Sang, and othSl-s in 'Americaf are w.ell- 
nigh classical. But Aseamt on*%e subje^c fe urgently ^ded, .here 
and elsewhere, for the»ifiatter is b(mnd”u-^*with tfe grecu question t)f 
the corrosion of iron and steel afcd^s prevention. Nt is," however, safe 
' to say thfjt witlinut scientific research apd control (at present conspicuous 
by its* absence),'^.cctro-galvanizing .-^illrbe long before it comes fin^o its 
own. ‘ ' 

^ . (d) Co£.per ^ 

From both the cleqtro-chemical and electro-metallurgical points mf 
view, copper has had more attention devoted to it than has any other 
metal, and the same remark holds good as reg-ards both pu-mSHdrstpblied* 
research dnd commercial application. F. Itor.ster and his pupils led the 
van of pure research, and G. Gore, Elmore, A. Watt, and ot'liers, in this 
country, and Roseleur in France,, arc entitled to claim front rank as 
regards commercial application. 

The developments made during the last thirty and more years in 
copper-plating hat'e reference rather to its application than to its means 
of accomplishment. With the possible exception of the copper sulphate 
and poTchloric acid solution of F. C. Mathers, the ordinary copper sulphate 
and sulphuric acid bath is still without a rival; and it is not easy to 
see in what respects its perchloric acid rival is sujierior., The ordinary 
“ acid copper bath,” made up' of sulphuric acid and copper sulphate 
in proportions suitable for the particular work it has to do in each case, 
will be very hard to oust from its position of supremacy. Nor is there 
any reason why it should be. Its adaptability, simplicity, and cleanline^ 
raUke it economical to work and certain in its results. Research into 
copper deposition should be directed to the substitution of some ot&er 
solution for the noxious and difficult-to-work cyanide of c^ppr solution 
that is, at present, indispensable for certain purposesi So far as the 
writer is aware, nothing serious has been atl;empted—much less dong— 
to that end. The cyanide of copper bath, mus|^e used where iron (and 
some other metals) have to be copper-plated, since, if such' gtiods were 
suspended in the acid copper bath, without hij.ving a coating of cqiper* 
already upon them, the acid would attack the surface of the metal, and 
the deposit wouH not adhere. The gyanide bath is also largely used for^ 
^depositifig a vtry thin layer of copper on various classes of goc^s that, 
for purposes of decoration, havjs to be “ oxidized,” ja it is termed.® Such 

articles are : Chandelier anh lamp fittings, fenders, and fen<fer orgpments, 

•• 

t 
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Ifelephone and other electricaAappliances^bttcklee and fancy goods, and 
innaiaeraSle other things. Tpelp (which may consisffof iron, brass, or 
other metal) are given a depoeit of coj^r of s®nt fifteen to thirty minutes’ 
®tfation in the cyanid^bath, *then di^ed in sulphide of potash (or 
■ anraionia) solution in otaer to turn them blue or black, and then “ re¬ 
lieved,*'—that is, the suiilhide coating on th^ copper is rei^veS. in places, 
usually by mechanical nfeans. The result is called “ oxidized copper ” ; 
it is really “ sulphurized’’ copper. Since thejcyamde solution is nearly 
always used ^ot—f^out "fstf Fa^r.—^fche fuirife that are evol^d cannot 
but be mfiriwis to the health of tM workers? And further, the bath is 
very wt^feul, an^J it rannot with any ease or. fAS&inty be kept under 
eontrol. Sfcre is r^om fdt!.>nuch re»tm’ch. # 

* To dirc^attcnfion to tlRpAtenjion of.appB'Jition of the acid copper 
bath, one hai? olllV to mention t^&fmlowlng instances : Deposition of^ 
wat^-jnekots for aeroplane cyliwlors, of .seatings for tl^ lip^i^ of engine 
cylinders, of tin; internal aiul^xUkrnal oojitings of welcss condenser 
tubes and of radiator tubes (recently ‘made succesijjfulPy by deposition). 
The foregoing ;ire more recent applicJitioiis ; those already in operation 
•are too mnneious to nieinlon. In tvery case some variation of a standard 
bhth of the following composition can be empkiycd. The vari.ation to 
be made is enpiiiical aiyl de|)(>nds on tlie ])arl,ieular case ; but as a stan- 
* danl'iiatn, iTBPfilt, without variation, tor many purposes, the follow'ing 
is very seryceable ; • 

‘2 lb. c,o[)per sulph.atc (commercially pure, and arsenic free), 

0 oz. (fl.) sulphuric acid, pure (spec. grav. = 1820), 

1 gal. water. 


{(') Iron 

The present position of iron-plating is favourable, but the utility of 
tint ])rocesB is, so to say. on ti'i.al. The war Itas given *t an impetus and, 
moreover, ha.^^lisolosed the. negh'Sf, of it jn this country. Its war develop¬ 
ment is due to its employment in “ building ii|) ” worn parts of aeroplanes 
and, to some extent, cf .armament. It was quicker and cheaper to “ build 
up ” such worn and, consequently, nndergauge parts than to supply 
Uew ones. By this means a worn crank-shaft, say, that cost anything 
from £(i0 upwards, could be made usable for a very few*pounds. Wn- 
pi^paredne.ss, diik to lack of encouragement of research, was, however, 
early appj,rq(it. Those engaged, including those in charge, had little or 
no idea as to how to ])roceed to obtain thick deposits of iron by continuous 
d(^o.sition, and as little \\»is known about the scientific control of the 
processes employed. luijped, it may safely be said that but little is known 
to-day, ift this country at any rate, as to the actual physical nature of 
the deposits formed. But it must, in fairness, be stated that the Scientific 
and Industrial Research Committee of the Privy Council is encouraging 
a research into this last part of the subject. The labolious process em¬ 
ployed* in the Government workshops, both in Franc* and*England , 
during thp \^ar, was.to deposit 2 or 3 thousandths of an inch of iron, ‘ 
then a thin coat of cogper, then another few thousandths of iron, and^ 
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80 on. It was onlytowards the^od of the^r thatlieut. %vaibsm,BJkJSf^- 
and others,' showed the way to oontiauqfQ^eposition and the akaiiinl^ 
of thick deposits in one* operatioi^ And .this was so itotwithstanding 
the fact that American scientific men ha'd bng^tgo shown how to obtoiff" 
heavy deposits of iron, whether for refining or slating purposes.^ ^ • 

^ Thougliilje diSiculties o^ the d^osition paWof the process are now 
fairly w^ knoVai, yet but little is known of tflb nature of the material i 
• produced—its structure, defects, and how far'it can be case-harden^^ 
heat-trdaifcd, and thfe'^bke.^ One tlfng fs certfi^, as -^e wr^r can prove 
positively by visual-evidence, naifeely,’ that th& article, ewSen plated, 
cannot, or at any rate p most cases should not, oe usdd unles^and until 
it has received some MM of,A^t-trea^ment. uhd#r science control, 
both of operation and fexaminatipn of tScT^oduct, and aiUed by heaV 
^ treatment, if and wherl nefcessarjiVron-platipg shdfdd *have a great 
future^befgre it,«nd find a large numb^ of varied applications. ^ 

\f) Tin, Lead, and Other Metals 


The methls considered in paragraplis (o) to ^e) are the most importanff 
ones that are dealt with in the depositing shops of this country. Tfie 
electro-deposition of tin, however, finds some application. Much oj the ^ 
so-called “ silver-oxidized ” work is really electro-iinlleS. * Electro- 
deposited tin has also been used to renew the insides of bjscuit boxes 
and culinary articles, and to “ tin ” meat skewers, hooks, and similar 
goods. But its application is not (comparatively) extensive. Lead and 
the remaining metals fre even less used in the platmg shop. One applica¬ 
tion of electro-deppsited lead that might well be extended is the coating 
of battery nuts, bolts, and other metal parts by electrolysis. This would 
serve to protect such articles from the acid spray evolved when the cells 
are charging. K^earch on the application of all the metals comprised 
in this group has been almost neglected in this country since the days 
of Dr. Gore. The outstanding jvork (6n the applied sidf), is that done 
by F. C. Mathers on lead and tin and by A. G. Betts on lead, in America. 
The work of each of these authors will be consideM in the chapters on 
tin and lead, respectively. 


CONCLUSION 

r 

It will be gathered from the foregoing that the generail position, in 
this country, in the matter of that branch of applied electro-metallurgy 
that concerns the deposition of metals is, in*the writer’s opinion, by mo 
means satisfactory. The reason for this is not»&,r to seek. Apart from 
the question of power and cost, it can scarcely be denied that .one cause ^ 
of the unsatisfactory state of things is the lack of educational facilities. 
This will be evident, probably, from the statements' that (1) there is 
only oneJJniversity lecturer on electre-metallurgy in the country, namely, • 

A 

« * For fnttber general remarks, see " Klectio-deposited Iron : Its Valne for Engineering 

Pnrposes,” Tht Bngiveer, Qct. 8, {920‘; and “ The Industrial Future of EleefiD-deposited 
, Iron," Tht Electrician (Spec. Iron and Steel No.), Nor. 6,1,9^. c 




> 1 ,^ Sheffi^; and (2) l^eie one fieclmicSl scliool that concerns 

‘ sjf %( oB senmsVy 'tdth thh mbiect, namely, tha^ at Birmingham. 
^ .^bea* at all is such, worft'd«he a« has been carried out by Forster 
v/'al^ his -pupils. TBe conlequence is thal^mucli of the work done in the 
• shops is not under scier^c control j metlyads and means Me slow to 
advanch; and.p^w idea| often fall on barren %oil. At tjie^me time, 
experience and long use JLas taudht our “ practical ” men to employ 
the present means at thei&^spo^l to^uch g^d efi^t that, a^hpa_been 
said akeady, j^e output orxhe She£|Pi and Srmingham areas is t^orld- 
famous, and tSis iijdica^ clearly what might be done, if scientific progress 
were enc^aged and ea^''^Monal facilities were given. 

, Finall;^^ ma^, be poimej^ ou^ that fUe ^velopment of electro¬ 
metallurgy m^t l^ad to anStenjfcnjif t^e application of engineering 
plant and machiffery, both electrRal and mechanical. The immediate' 
, souw* of power for electro-metalkrmcal operations is thj|fiyiAnso,' motor- 
■ generator, or the battery. Morrov^ the skill of the mechanical engineer 
m the device of the means of carrying out this or thaWlectro-metallurgical 

f rocess is, not seldom, thc^actor upon whifth the success or failure of the 
(jpcess depends. 



^CHA^T^R 

THf':ORY 

rriHE principal obj^^t clothe prfscnt^ cK^t^r is ko assui^ engineers, 
i especially, and otl^r.' Ipf efuatstanffig who djrectly or indirecfly 
« may be in control of electro-deposiwon processes, wHetner refining or 
platii^. <010 \^y in which it is proji^sed to do this is to set ojit, in 
general terms, iust so much of* ttteory underlying such processes 
as enables one to ,«ipervise them with a scientific understanding, and 
thereby efficiently and ccoppinically, to conf^rol the operations of the 
workshop. ' Details will be avoided : the subject will be treated in &, 
general way, so as to be applicable, not to tliis or that particular one, 
but to all metals. 


THE 1.AWS OF ELEffTROLYSIS 

The two most important natural laws with which the electro-metal¬ 
lurgist must be fami|iar are : Ohm’s Law and Faradaa'’s Laws. To¬ 
gether with these he must be acquainted to some extent with what is 
termed The Ionic Theory. ' 

A knowledge, even partial, of this theory, enables one to form a 
mental picture oJ[ the mechanism of tlic electro-deposition process, and 
to account for the phenomena connected with it. The theory may 
or may not bo wholly accordaqt with'- all the facts : at^*the very least 
it is a useful tool. It answers much the same purpose to the .electro¬ 
metallurgist aif the conception of the ether afcd, latterly, the idea' 
of relativity serve to the physicist. A. Hollard,! with much point, 

says: . ^ » 

“ Cette liypothese, comme toutc hypothese, a droit a notre credit 
si elle est fructueuse au point de vue des faits qu’ell(yixplique et qu*Blle 
fait pr^voir. Envisagee a ce point de vue, il est incontestaljje qu’eUe a 

E ermis d’expliquer et de prevoir un nombre considerable de faits, entre 
sequels on n’avait su discerner auparavani aucune esp^ de relatjon. 
Que peut-on demander de plus a une hypoth^ ? On ne saurait exiger 
qu’elle'repr^sente la forme definitive ct invariable de la vefite. Tout 
au plus, une hypothese peut-elle etre une vqe partielle de la veeit? S' 
laquelle, comme le dit tr^s justement Dastre, resprit humain ne peut 
atteindre que par des approximaljons successives ? Au surplus, les 
hypotheses soKt generalement provisoires et le plus souvent imjwirfaites; 
leur principale raison d’etre e’est Icur utilite.” • 

* La Ihiorit ie* iom rt V eledrolyte, 1912, p. 4. (Qjiiithicr-Villsrs, PalU.) 

to 
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i' OjbM’s Law 

■ law and ife appjfeations are sufflbiently familiar to all electrical 
engineers and students , 0 ^ science. Nothingimore will be sajgl of it. 

FA%tDAy’B Law^ 

Before,SJ^ing B^r^ay’s Laws nrtte mo^rn text-book form, it will 
be .both jhtetestii^ awd instructive ^ gqjto,.t.he fountainhead, and to 
consider a mon^nt hifviJ'f’araday.Jumselifilpobf of them. He tells,us < 

• “In the'^st Art of tlsmfre^r^cs,.artej^proving the identity of 
electricities deriadu from difl'ereffil rourcns, and showing, by actual, 
measurement, the e.xtraordinarv quantity of electric!^ evplved^ by a 
very^ecble voltaic arrangement^ ayiounccd a law, deiwed from experi¬ 
ment, which seemed tf) me of the? utmost importaa^e 1;o the science of 
electricity in general, and iiat branch of it denominated electro-chemistry 
4 n particular. The law w^,s expn'^ised thus : I’he chemical power of a 
current of electricity is in direct proportion to the absolute quantity of 
electricity which passes.” 

• This he caSs3>nE Doctiune ok Definite Electro-Chemical Action : 
in the text-books it is often referred to as the “ First Law.” Farther on, 
Faraday cofitinues: 

“Then, again, the substances into which these” (t.e. electrol 3 rtes) 
“ divide, under the influence of the electric current form an exceedingly 
important general class. They are combining bo(bcs; are directly 
associated with the fundamental parts of the doctrine of chemical affinity; 
and have each a de.finite proportion, in which they are evolved during 
electrolytic action. I have proposed to call these bodies generally ions, 
or particularly anions and cations, according as they a])pear at the anode 
or cathode ; aijd the numbers re|m‘senf.iijg the proportions in which they 
are evolved ekctro-chcmknl equimknts. . . . Electro-chemical equivalente 

• coincide, and are the same with ordinary chemical e<piivtilent8.” ^ 

This doctrine of Electro-Chemical Equivalents is, in text-books, 
ojten called the “ Second Law.” 

Such is Faraday’s way of expressing the two facts he dissevered whiSh 
comiect electricai%ith chemical action. These facts, as stated in text¬ 
books, rea(J someimat as follows : 

(1) A definite* quantity of electricity (coulombs), when passed through 
an electrolyte, does a certain, fixed, maximum amount of chemical work. 
In the case of a solution metallic salt, a definite quantity of electricity, 
when pasBedf through the solution between two electrodes of th% same 
*mStai as that contained Jn the solution, can cause a fixed, maximum 
amount of the metal to be deposited at the cathode, and an equal amount 
to be dissolved at the anode. The ipaximum amount of metal deposited 
or dissolyed, at the cathode or anode, respectively, is fixed by the quantity 

* Exi>(rim$niai Reitearches in Eledricity. (EveH’maf's Lihmiy, published by J. M. 
Dent & Cx;^) 
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of current passed. Lessfmay be deposite«Vr dissolved; but mQre cannot 
be. *■ 

Thus we have: 

oc Quajitity ob-Electbioity. 

(2) Considering only solutions of ■< salts of xhe metals, if the same 
quantity of electricitj betpassed throijigh solutions of different metals^ 
the amounts of the fnetal^depositll/when the maxipiums are liberated) 
stand to one another in the ra‘‘‘^js of the equivalent weightsibf Ihe metals. 
Thus, suppose a quantity of eiectriicity, Q, say.,is passes througF solutions 
of the naetals A, B, (convenie ntly aiTange^ in series). Then 

the maximum amoimrajOf ^e petals "lUfeinable ^ay/lie expressed, 
, inter se, thus : " v ' c 

Wt* : Wt„ flWto=(Equiv. ' Ij^-quiv. wt.)*: (Equiv. wt.)j> 

It is the same at'xhaanodes : 

(Amt. dissolved)^,: (Amt. dissolved)B H (Amt. dissolved),, 
=(Equiv. ^.)* : (Equiv. wt.)^ : (Equiv. wt.)o. 

A real familiarity with Faraday’s laws is of g-eat importance in many 
ways in practice. Two instances may be given : ‘ 

(i) They assist the operator to rruiintain economic control. 

Expense is no great matter, perhaps, where only one or two small 
vats are at work. But where, as frequently occurs, the plating shop is 
large and a number of large vats are employed, the cost of power becomes 
of importance. If. may, in certain cases, e.g. electro-galvanizing, deter¬ 
mine whether the electrolytic process can be economically employed or 
not. In the case of the large shop, or where the process has to run near 
the econoihic limjt or is competitive, as in refining, Faraday’s laws assist 
in this way. One may imagine the operator to soliloquize : “ My power 
bill for the quarter is heavy. .Ami getting full value forithe electricity 
used ? Or is there a waste anywhere ? Faraday’s laws tell me that 
for my current-consumption I ought to receive in deposit (x) lb. of metal. 
Am I getting it ? ” It is simple for him to test for himself. If he puts 
together a small (say 3-gall.) bath, using solution from one or other pf 
his vats, pastes a certain current (measured on an ammeter in circuit) 
for a certain time, and weighs the cathode both befor^^'hnd after passing 
the current, he has aU the data necessary for calculating,; oh the basis 
of Faraday’s first law, whether he obtains what he ou^t to get for the 
quantity of electricity passed. And obviously, if experiment tells the 
operator that he is getting only three-quartejr, say, of the amount oi 
metal fhat ought to be deposited, then there is a waste of ^oVer some¬ 
where, and his power and process are costing too much. This sftnph 
operation can b§ extended to each vat in turn. * 

In tlje cycle, motor, and also most other works where nickel-plating 
is done, there'used to be a great waste of electricity. The niokel am¬ 
monium sulphate solution wa» almost universally employ^.^ Now, the 
amount of nickel thaff can be deposited from this^olution, undei’^iteven the 
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best workshop conditions, rarjfcr exceeds 80 to 85 per cent, of the maxi¬ 
mum* the remaininK 20 to IjS^r cent, of electricity \hat goes through 
the solution causes liberation «f' other substences than nickel (metal) 
at the cathode—silbstailtes which, as, fbr instance, hydrogen, may be 
' Imrmful to the deposit as well as the cause gf increased cos-^ It is clear 
that irf large aljo.ps, conJiiiamg fifty or so watt, consump^jome three 
hundred or more watts pej hour, tMfe loss from the cause imicated became 
considerable. - * • " • , 

It is nqt |0 easy to puf Faradafjjll laws tB experimental use 6n the 
anode side of a platfog vat. • For ordinaty workshop purposes, it is, 
perhaps, Mtter new to tej to do so. It is preferable, in this case, to note 
wjiether ows genial ano^^onshlfcptioji i^rea^onds to the electricity 
used, using ^radi^’s laws'T»;|^^>Hrpo«Jb. «[£ another soliloquy the 
operator may saj'; “ My aned'e nilr over the six months is £x, and I< 
have* used (?/) units of electric^ i the anodes must Jor should) have 
dissolved into the solution. I^ljA amount that whi(J Faraday’s laws 
tell me (y) units of electricity will dissolve in a solui^Bn working at maxi¬ 
mum efficiency ? ” • 

^ , (ii) The emlmtion of the working efficiency of a solution. 

The second instance that will be given of the employment of Faraday’s 
.laws in worl^ion praStice for general control purposes concerns the 
installation f<^!us or that purpose of new solutions, previously unknown 
as regards their working properties and value. When a new solution is 
proposed as a substitute for one already in use, the following matters 
(inter alia) should be considered : 

(a) Will the deposit be, for the purposes requked, a better one than 
that already obtained from the solution being used ? • 

(h) Is the solution proposed easier to work and control ? 

(c) Will it be more economical ? 

(d) AYill the deposit required be obtained more .quickly ? 'If the 

answer to this question is Yes, then the cap&city or output of the shop 
will be increa'ktd. * • 

Something will be said about (a) later : (c) and (d) are the considera¬ 
tions to which attention is drawn immediately. 

One solution is less expensive than another to work if it is more 
efficient. It may also work more quickly because it is more efficiqpt. 
Tlje efficiency, a* compared with the old solution, can clftirly be deter- 
mmed by passing the same current for the same time through a small 
(3-gaU.) vut'of each—^the old and the new solution, the vats being in 
series, and by weighing and comparing the weights of (1) the deposits 
and (2) the anode losses. Ii the new solution is to be tested (and it ought 
to be) in.respect to wlfother it gives full value, at anode and gathode, 
, for power consumption, then the procedure can, of course, be as given 
in But sup;gose n» sufficiently accurate low-reading ammeter is 
available. It doM not matter, for, m this case, onfrcan take advantage 
of a knowledge of Faraday’s Law II. Thus: Place a small vgi; (3-gall.) 
of the*new solution in series with a copper coulommeter.^ Pass any 

^ CouynrneHr is the name now often given to whit nsc^ in general, to bo called a 
Yoltameif^r. The name warffit is belieTed, proposed by F.^. Perkin. 



appropriat# quantity of curreril tliroagk^ two, and weigh the dhnosits. 
Then we know tnat, according to Pjirad^’s Law IL, the foBowing 
relation: 

■ Dep. from new soln. ^Equiv. wt. of metal in new soln. y 
Dep^rom couloiti. "^Equiv. wt. of copier (divalent) ” . 

should hold, iNihc new solution is giving fu^ value, "if the quotient 
on the left of the e^uati<m does not qqual that on the right, then the 
deposit frSm the new solupon falls^^rt in amount from tfe paaximum ; 
and a simple calculation shows the amount by wjlich jt fmls, ^d hence 
the percentage lo.ss in the workingeof the solution. 

If the anode side is^jon^gflered, one • 

Losstof iteod#i %^cw soln . ^ 

Loss of anode in coulom. 

It may be nifentioued that spcydSlbrrainations as those indicated 
arc usually referleOo by electro-metallurgists as estimations of anode 
and cathode efficiencies, which arc stated in pc pontages of the theoretical 
values. The calculations from the experimental data are matters of* 
simple arithmetic : tlie recessary constants (electro-chemical equivalents, 
Btc.) can be found in any good text-book on ^ectro-metallurgy (wdc 
list of References at the end of this chapter). 

III. The Ionic Theory 

Another name for this theory is the Theory of Electrolytic Dissocia¬ 
tion : more occasionaily it is referred to as “Arrhenius’ fheoiy.” The 
theory, though not due to Arrhenius, the Swedish physicist, received a 
;reat extension and development at his hands. In 18.57, R. Clausius 
lad already put forward the explanation that, to account for the pheno- 
nena accompanying the i)as.sage of electricity through electrolytes, it 
vas necessary to suppose that some of the molecules of the dissolved 
lubstance were split up into eoirqmnents which carrkl the current 
firough the solution. Tiiirty years later, 1887, Arilienius, as the general 
•esult of a prolonged series of investigations, published conclusions to 
he efiect that, not a few, as Clausius assumed, but the majority of the 
nglecules were split up or dissociated. One cannot do better than ref* 
o Prof. J. Walker s explanation of the po.sition. Queuing Maxwell, ,he 
tates: 1 t '' 

Now Clausius supposes that it is on the constituent‘molecules 
n their intervals of freedom that the electromotive force acts, deflecting 
hem slightly from the paths they would otherwise have followed, alld 
ausing^the positive constituents to travel, on* tire whole, more in the 
)ositive than in the negative direction, and the negative constituents 
Qore in the negative direction than in the positive. The electromotive 
orce, therefore, does not produce the disruptions and reunions of the 
aolecule;^ but finding these disruptions and reunions already going on, 
t influences tfte motion of the constituents during their interWs of 
reedom.’ ” ^ . 

> Introduction to PhS»ical ChemiHry, 4th ctJ., 1907, j1i->239. (Macmillan^ 
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Coinmentin^ upon this pasi^teo from'MuxweH •Wniir<.» ; 

Ihe constituent molecule^ltferred to in the '■<», of 

course, the positive and negativ^rai^cles of the dissoivea salt, %.e. the 
kation and anion of wh^ it is assumedeto ,be composed. At any one 
•time, then, we have, on wie hypothesis of Clausius, some portion of the 
salt molecules split up'lito their constitu^ttions, which.i^ith their 
electric chargesf move towards the* appropriate electrode^. It must be 
observed that this partial^jtoso.^tiop of the dissolved substance is the 
normal condildon of, the !^id, anc^j^ts wKfther'*there is ah electric 
current pasSinf throu^ the solution or not. All that the electric forces 
do is to difcct the (Jssi^ated charged j^^'odu^ to the electrodes and there, 
discFkirgo them. Nothing .been, said ^^<4 ihe proportion of the 

dissolved., sufa^anc^whieh iWHSsOija^ into) i(ms. For the pur])ose of 
accounting for th# validity of Ohuw'law in electrolytic solutions, a very 
small^roportion will suffice, ])roddod tha'i; the small quantity is always 
regenerated by the actio* of the ni\lef;iiles without any interference of 
the electrical forces. In j)ro])orti()h as the free ioi-v^inj removed from 
the solution at the electnxjjes, Clausius suj)r)oses them to be regenerated 
by the collisions of the undissociated molecules,^ so that the ])rocess 
of conduction and electrolysis goes on. If we ar» to give the hypothesis 
definiteness and precisio!,',, however, we must take account of thi' relative 
*|uanftties of tiT?^cetrolyto in the dissociated and undissociated states. 
The manner,of doing this was first j)oiiited out by Arrhenius, and it is 
to his hypothesis of electrolytic diasociation that we must resort 
if we wish to explain (juantitatively the phenomena exhibited by 
electrolytic solutions, whether during eleetroly.sis ^r in their ordinary 
state. , 

“ Arrhenius sup[)ose.s sulistanees which give solutions that conduct 
electricity freely “ to be nlnwnl cidmii/ spli(, up into their constituent 
ions, while solutions which yield solutions of feeble conductivity “ are 
supposed by him to be split up only to a very* small extent. In fact, he 
proposes to ni*jjisuie the degice ef dissociation of a substance by the 
conductivity of its solutions. On his hypothesis, only those molecules 
' which arc split u]) into tlieir constitiuuit ions play any part in the con¬ 
duction of electricity, the undissociated molecules remaining idle. It is 
oljvious, therefore, that the conductivity of any given solution depends 
on two factors—the number of ions in the solution, and tlie wite at whicli 
the?e ions move. \ro simplify matters, we will, in what follows, only 
consider univalent ions, i.e., those derived from monaeid bases, mono¬ 
basic acids, andrthe salts which they form by mutual neutralization. 
Every ion derived from tlicbe substances has the .same charge of elec¬ 
tricity, i.e., 1 faraday j^r gram-ion. Since each carrier of electricity 
has the safire- load, the quantity carried can depend only on the rilimber 
*oi carriers and on the speejJ at whicii they move. Now, the rate at which 
the ions move may ... be determined from the work of Ilittorf and 
Kohlrausch.” 

• 

^ Cf^^he quotation from G. D. Hinrichs—given l^low. 

E.g. sq^DIono of mineral aeids, alkali bases and tip inoijanic salts of the metals. 

^ E.g. water, solutions of ^nznunia, boric acid and most gifanic salts. 
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But interesting though they are, t^e matters cannot be discusseS' 
in this chapter. ‘ f o 

It will be seen that this extracf frcnp Professor Walker’s book makes 
clear, the distinction between Clausius’ and Arjienius’ ^ views. Clausius 
supposed a few only, Arrhenius a great number, of the molecules of 
dissolved W-bstance (wkicff, in solution, corilducted electricity freely) 
to be dissociated into electrically charged bodies called ions. Of course, 
it is not to be assumed that the ions, once fcfrmed, retain a continually 
separate existence.' On i|ie baset cd file lofiic and^Ejnetic theories, an 
aqueous, conducting solution may oe looked upon as consisting of an 
immense number of particles cqmprised (1) of molecules c/ the con¬ 
stituents, and (2) of ^ons.^ormed Jrom the iUdivid;Ml molecules ;/the 
whole of the particles af;e in motion, thbif velocity average) dependihg 
chiefly upon the temperature tnaC vjbtains. An ioh< that has, at one 
instant, a sepamte existence, may anywhere meet an oppositely charged 
ion, unite with it, and so form a(.c(/npMe, electrically neutral molecule, 
which, again, in'liias becomes split uf> into ions. But on the whole there 
will be, at any instant, a certain considerable proportion of separately 
existing ions—the proportion depending upon such factors as temperai'' 
ture, dilution, and so on. 

On careful consideration the foregoing extrast sliows also the relation 
of Faraday’s laws to the Ionic theory. The ions are ^wtrically charged 
bodies : the charge on each is definite and fixed. That is what Faraday 
tells us. He pointed out the quantitative relation between matter in 
the dissolved state and the electric charge associated with it: 1 gram- 
equivalent (i.e. equiiyilent weight in grams) is associated with 1 faraday 
of electricity. Renee, 108 gms. of silver, 31-5 gras, of copper (divalent, 
as in the acid copper bath), '63 gms. of copper (monovalent, as in the 
cyanide bath), 32-5 gms. of zinc, 29-5 gms. of nickel or cobalt, and so on, 
are associated w)th 1 faraday of electricity. It is thus easily seen how 
it happens that the passage of a definite quantity of electricity through 
a solution results in the separsjtion of a definite quantity of a metal at 
the cathode (provided, of course, the current is all carried by the me-lal 
ions), and, further, why the amoimts of tw'o metals liberated by the 
passage of the same quantity of electricity stand to each other in the 
ratio of the equivalent weights of the metals. It may be stated hqre 
tWt the absalute quantity of electricity associated with 1 gram of hydro¬ 
gen (in the ionic state), that is, 1 gram-equivalent, y.'’96,500 TOuloifibs, 
which is equal to 28,9^ X W® electrostatic units.^ 

The following pictorial representation will help one to visualize the 
phenomena: ^ 

MeAc is a molecule of, say, some salt. 

Upon sohUion in water, we have, assuming the metal to be monovalent, 
on the Dissociation theory : 

^ Me+' and Ac" ; 
if divalent, tri valent ... we have 

Me++andAc-- (or Ac--1-Ac-=2 Ac-). .... 

‘ Of. Arrheni4^TSeories of ChemUtrij, 1907, Po§2. (Longmans.V< 
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passing the cunent, ^ have :i , 

Ao” 

Anode 

Ac-—0= ,Ao f 

(j;tGutral, liberated) 

(i) That if Me (the me^ is hot a^lietal likf copper, zinc . ! . b4t is 
sodium, potasswm, alar%inium . . . then, instead of being depo4ted (from 
aqueous solution) uJ)on discharge, it reacts with the water of the solution ; 

^ if it be hydrogen, a| in ac?d''isolution,,the hydyogej^ is liberated as a gas. 
*(ii) Ac (th!^“ acijP radical'fT^ so cho^n ia plating solutions that, upon 
discharge, it unites with or dissolve? the stbstance of the anode, and 
^thus Ijie solution becomes replenished with metal. And this, it is' to be 
noted, is the very best way in wiich to replace metal deposited out at 
the cathode : it is far better than the addition of m'-Hlfio salts. 


Me'*' 


Cathode 


Me''' + 0= Me / 

* (jjfu.tral, debited) 

It is to be noted : • 


THE MECHANISM OF IONIZATION 
IIiNRiciis’ View 

• 

A question arising out of the foregoing considerations—a matter 
upon which something has already been said, but which cannot be con¬ 
sidered in any detail—is the following ; If the mqlecules (or many of 
them) of a dissolved salt are split up into ions, how does this come to be ? 
As a starting-point of study the reader may, after noting Clausius’ view 
(quoted above), be referred to a paper by G. D. Hinrichs, which appeared 
some years ago in the Coniptes Rendus, but which seems to have attracted 
very little attention. The paper is entitled “ La mecanique de I’ionisation 
par solution,” ifiid in it the author'gives (jh® results of his investigations 
upon “ la mecanique de I’acte de solution.” The general conclusions 
■^ay be stated generally in Hinrichs’ own words : 

“ Le frottement de molecules rotatoires de I’eau, isolant 41ectrique, 
pr<^uira de I’electricite statique. Les deux electricites, positive et 
negative, sont produites en quantil6s cxactoment egales. Cette electricite 
ne ^ouvant s’echajiper a travers I’eau isolante, les deux atomes de la 
molecule du sel en sont charges: I’atome de sodium rejoit I’^lectron 
positif; I’atome dfi chlore, I’electron negatif. Par cette acte la combinaison 
chimique de ces deux atoinel est dissociee, et les deux atomes, chacim 
charge d’un dlcctron, soni devenus des ions.^ Si la solution est assez 
diluoe, chaque molecule du sel est entour4e d’un trds grand nomUte de 
mowciKes d’eau non conductrice; done les ions produits seront bien 
isolfe, et pourront Ste mouvoir assez librement sans perdre leur charge 
61ectrique. Mais, si par la solution de plus de sel, le nombre de md6cules 
d’eau po«r chaque molecule de sel est diminuS, I’isolatioif mol^culaire 

* ThiH*n'quii»8 igodifications in tlie light of prosenS-day knowledge. See The Electron 
Theory, by iMt’oumier d’All)c. 1906 fLoncmansl: and Clmoterjil.. voat. 
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rioni8atida.en mSme temps. Done llkypotl^e Arahenius est.devenuc 
un thSoiSme dSmontiS de la mScaniqne molScnlaiie.” • ' 

Without expressing any opinion upon Hinrichs’ views, the present 
author cites them fus containing piucK foodefor thouuht in regard to the 
question put above.' ** 


TH]^ A(D Of’^HE mORbSCOra 

On referring above fo t£e p&itA,that should be^eml in mind when 
considering the introduction of a new solution, it was mentioned that 
regard should be had to the value ^r berviceableness of the deposft with 
reference to th® purposes which''tlus«has to serve. If the deposit has to 
serve as a protector to the underlying metel, as is the case with zinc 
(and sometimes with tin and niokel),4t musvnot be porous. If, as oft^ 
in the case of iron, thq object of the deposition is to build up a wonFoi 
under-gauge part of some piece of mechani|pi, the deposit must be 
solid and homogeneous and without impurities; itasanst not contain 
crachs alid fissures, and must adhere firmly to the base metal on which 
it is deposited. Similarly in other cases. ‘ 

There is only one really satisfactory way of controlling the structure 
of deposits and, consequently, from this point of view, the deposition 
process. The one sofind method is that of the examination of the structure 
of the deposited'metal with the aid of the microscope. Ufl&ided visual 
examination is quite insufficient. A deposit may look to have the qualiti^ 
desired in it; but it will often be found wanting, when the microscope 
is employed. Shch control is, of course, recognized nowadays as essential 
in metallurgical works: all (or, atoany rate, most) iip^rtant works 
contain their metallographicai equipment. But little* has been done, 
in practice, in connection with electro-deposited metals. However, 
things are improving. In Germany and America researches have foi 
some few years past been proceeding with a view to determiaing the 
i elation between structure of deposit and conditions of deposituin. 
References to some publications containing results ^such inquiries are 
given in Chapter XI. In this country very little work has been done ii 
this field of research. c 

The general results so far obtained, and whic^ have a practical bear¬ 
ing, may, perhaps, be summarized thus: 

1. *Here, as elsewhere, things are<often ofiier than they seem: ai 

apparently good deposit may contain hidden defects. c * 

2. Jhe structure of deposits varies with the ediS^ent betors o: 
deposition, such as current density, composition and strength of: th< 
sptatioih uisetV movement or agitation of the electrolyte, and so on. 

A The relation between type of structure and conditions of dej;^tin]: 
seems, for any onei;^Tti 2 ular metal and type of solutibn^to be fiiQid 
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V> th^il one knows the conditions which give a deposit having a ce^in 
stniotuie^ 1 ^ can, by controlling Idie depwition conditions acooidihgly, 
obtain a aeposit of the structure desi^pd: 

A few instances will cow be given that .will, it is suggested, show 
• the utility of the aid of the microscope.^ 

Fig. 1 shows a polished and etchra sectidn ef electro^eposited iron. 
The depofflt looked sound ^ough isiien taken from the bath; but upon 
examination under the idfcrosccjpe was found to contam many such 
oxide inclusions as the one Aen in tl^e photoglyph. * 

Figs. 2 tfnA 3 show»the difference in structure between two d^osits 
forpied under all the same conditions ^f debosition, except that m the 
case of Fig. 2 the catho^ receiving t^ie deptsit was stationary, whereas 
m*that of Fig. 3 it was devolved. The photl|gr|phs make clear how the 
structure is modified by agitation ^ the swiution or movement of the 
cathode. 

Fis. 4 is a photograph of a deposit of iron (magnified 100 times). 
This ^ows the normal structure possessed by an iron deipgsit when formed 
in a neutral solution. . ^ • 

Fig. 5 is a photograph of a nickel deposit formed in a solution con¬ 
taining a large amount of nickel (metal). The current density was 18' 
amperes per square foot. It will be noted how small the grain of the 
flietaPis.* This type of structure is obtained in the oases of copper, 
iron, or sine, only when either special conditions of depositioff are em¬ 
ployed (as in the case of the deposit of Fig. 3, where the cathode was 
moved), or, often, where a considerable amount of free acid is employed. 

Fig. 6 shows a fracture of a cobalt deposit. Thy is of special interest 
when compared with Fig. 7, which shows the fractured gurface of an iron 
deposit. The deposit in the case of the iron is conchoidd, as the petrolo- 
gist calls it; and, as has been pointed out by C. F. Burgess,^this is a 
characteristic common both to many electro-deposits^ of iron and to 
certain minerals that occur in nature, such as hematite. Although 
somewhat similar to the iron, the fraeturg of the cobalt deposit is not so 
clean: this is notable in many cobalt deposits. 

, Very many other eieamples could be given ; but sufficient have been 
shown to make clear how much can be learnt from an examination under 
thq microscope of electro-deposited metal. ' 

SUMMAKY 

The author has attempted to explain in the foregoing those natural 
laws which are the basis of al^work on metal deposition ; and an endeav¬ 
our dias been made to indicate how a knowledge of them, together with 
an understanding of the ifiodem view of electrolysis, enables one tq exer¬ 
cise i^ormed control over the process of deposition. Such control can 
be extended and assured if the operator knows the conditions that give 
rise to this or that structure of deposit, or, in other words, has informa- 
ti(Mi which enables him to correlate deposition with structuje. 

* CSispter XL, in virioh (h« structure of deposited metal is considered in some detail, 
will Mrhaps be Sf^nterest at this point. 

'The hygniBcation is: x J600. 
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Periaps this chapter may be fitly concluded with the sage advice 
of Le Blanc: “ Ich habe bemiih/j, nach Moglichkeit allgemeinverstandlich 
zu schreiben, mochte ich aber bemerken, dass fur den, der mit geringen 
Vorkenntnissen an das Lestn . . . herantritt, ein ernstes Studium 
erforderlich ist, um rechten Niitzen davon zu ■ haben. Es gibt in der 
neuen Elektrochemie gewisse Anschauungsweisen, dip sich ein jeder 
zu eigen machen muss, und dieses v^llige Aneigen gehv eben nicht ohne 
Arbeit.” ^ ’ 
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• • 

Pll*ACTI('K:"l*Uh:i*ARATION bP TUK WORK 

I ri^HlS cliajrfcr is iiiUiuled to assist piif’iluH'rs pspcoially. Its cliicf 
£ o])j('ct is (o^sk(‘(pti, ill a "Ptirfal wavjtli* jiraptical opfratious of , 
tlip woi'kslioj) that have to ho oari'iod out in coiincot iou vvitJi tlio olcctro- 
doposition of inotals, and, niou‘ jiarl.ioularly, in connection with eloctro- 
])lating. Some, ex])lanation of t he scientitic hasos ii pon \5ilfich the practical 
jirocesses rest is given ; a kiiowlediie, of an^l fainiliar acipiaintance. with 
the foundations is essential, if tin' work is to ho condiict.ed iindor proper 
(s)Mtrol and with tlio groai.est efiiciency. As staf-ed, the suhject will ho 
ireated generally; (loti^ils of the processes descrihod, applicable in 
Harticiilar cases, will ho I'osorveil for the present. 

The Jirocesses of jiractical eleet.roalejiosition may he classili*ed under 
three Imadings : (I) Preparation of the work for the vat;' (2) the 
deposition jiroce.ss itself; and (.'i) “ linishiiig ” the work. The latter 
two ojierations will he treated in the next chajite- 

CliEANINU 

The whole success ol the process of eleet.ro-depo.sitiiyi dejiends ujiou 
the manner in which the work is jirejiared forjihe vat. If the condition 
of the surface yf the article is not o'ean, then the deposit will not adhere. 
By the word “ dean ” is meant not eh’an to the eye merely, but—really 
clean. For good adhenwice, the surface must ho free from all grease, 

’ dirt, oxide (“ scale ” and rust), and liquids from vats through which the 
work has pa.sscd on its way to the plating tank. This essential condition 
jirecedent to good results cannot be too strongly or too (rften insisted 
UJIOU. 

In order to make quite clear how important the cleaning operations 
are, it will bo useful, and also interesting, to consider, under a sub-heading, 
upon what factors the adherem;e of the deposit to the base metals depends. 

The Adherence of Electro-Deposits 

Just exactly in .what the adherence of a deposit to the base metal 
consists is unknown. Some authorities apjicar to think that there is 
formed ^t the junction, base metal—deposit, a thin layer tif alloy con- 

■ In plnting-sTi^p parlance, tlie term “ work ” denotes tie artielea that are depq^ited 
npon. Thf^word is very commonly itideed used with that aigijificiition; it is a short anil 
(onvenient term, and will lx; ufed here. 
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aistfi^ ofthe two.^ If any sum alloy is formed, it is beyond tbe limits 
of visual observation, even wBen this is ^ded by the highest .^wers 
of the microscope. The present Writer has ijsed -magnifioationB up to 
8000, diameters (obtained "by the aid of a 2 mm. oil immersion, ^iss 
apochromat objective), ^nd yet failed to detect any appearance of the 
existence of an alloy. But such evidence, though negative, does not 
prove the non-existence of it; it is, howe^ sr, such as to cause other 
reasons for the adherence of deposits t6 be looked for. Other authorities 
attribute the adherence .%o cohesion between the molecpleg (or atoms) 
of the base metal, and those of the deposit—c^esion of the kind that 
causes the molecules (or afcm8)'of a piece oiany solid matter to hold 
together. It would seem tbat onfe or other oiHhese causes must effect 
the adhesion of the depbsit|3d metai; perhaps both a^e operative. It is 
difficult to conceive any other cause. In any case it is clear that, unless 
the molecules (or atoms) of the base metal and the deposit can'^come 
within such clocf. proximity to one another as to be within the range 
of action of the forces of all 9 ying or cohesion, there can be no adhesion. 
And it is equally clear that, if something comes between the molecules 
(or atoms) of the base metal and those of the deposit, keeping the two 
apart, then the requisite proximity is not attajped. Scale, rust, grease, 
oil, and the like, on the surface of the work, act as such partitians or, 
perhaps,* one may say, isolators, and, consequently, where these are, 
there is not, nor can be, any kind of union between deposit and base 
metal. The intervening substance may be of another kmd than those 
just cited. A typical example will help on this point. Suppose one 
wishes to deposit mckel or iron, and, for one purpose or anotW, it is 
considered necessary to deposit first a thin layer of copper on the iron 
before putting the work in the nickel-plating solution. (This, as a fact, 
is sometimes done, though in most cases it is quite unnecessary.) In 
order to “ coppbr ” the \jrork, use must be made of the solution known 
as the cyanide of copper bath or, sometimes, as the “ alkaline copper 
bath.” * When the work has^'eceived its coat of copper in this, anp is 
taken out, its surface is covered with the copper solution, and it must 
he swilled in water to remove this before being suspnded in the nickel 
solution. But rinsing in water is not sufficient, if safety is to be assured. 
‘And for thfe reason: All metal is porous—some, of course, more than 
other; some of the cyanide solution has got into the pores, and jt is 
not removed (at any rate, completely) by rinsing. The consequence is, 
that, when the work is put into the nickel bath, a chemical reaction 
tokes place between the cyanide and the nickel solution, and a solid is 
separated as the result. This solid acts as separator between base raetal 
and deposit, preventing the adhesion of the tv^o. 

The photo-micrographs. Figs. 8 and 9, show this. All the details of 
the pmparaticm of the two articles for the receptiop of an irofl deposit 

* C. H. Deach, “Beport ODl>iffn8ion in Solids,” Brit. Aetoe. Sep,, Section 3,1912; 
M. SchlStter, IBie Eaitintensit&t nnd Lederung electtol^rtisclieT Metallni^nohlige,” 
OAcm. Ztg,, 1914, voL xzzviii. p. 289 ; & Gore, Sleetro-metaUursy, 1906, p. 47 ; and 
F. Halwt, Tram, Amer. BUcirochem. See., 1902, vol. ii. p. 189 ; see especially tbe dis- 
dWaton nt tbe end of the iwpeitpp. 193-196. • ' * 

oontndistinction to the acid copper bath. 
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'in the two cases, except that in the case of .the article 
of F^; was hot swilled in an acid solution in order to “ kill ” the 
cyanrae of copper that had got into the nores of the metal, or, perhaps^ 
was hot all removed from its surface in the water swill. As a result, the 
deposit did not everywhere adhere in this, case. Figs. 10 and 11 are 
^oto-micrographs that fmrther and still ^mOre clearly illustrate the 
non-adheraiee of deposited metsS that may occur through defective 
cleaning of the base metaj. The photopaphs shpw different pa^ of 
one and the same polished section.* The article was an ordinary bicycle 
seat-pillar, nickel-platid in the usual -way in a works plating-shop. In 
Fig. 10 one sees now the deposit ha* come right away from the base 
Ujetal—steel; while in Fig. 11 the «ause is apparent. The dark band 
at the base of the deposit (or on the surface «f the article) is material 
that prevents the*adhesion of the deposit; it ought to have been removed • 
in the cleaning process. Its presence is probably due to interaction 
between the potash,-left on the surface after the artigje was swilled in 
water after removal from the potash cleaning tank, dhd preparatory to 
transfer to the plating bath, and^he nickfil solution. 


mJithods of cleaning 

xnese may be divided into: (1) Mechanical, (2) Chemical, and (3) 
Electro-chemical. Usually two of these methods must be employed in 
any given case—the mechanical and either the chemical or electro¬ 
chemical. 


1. Mechanical Cleaning Processes 

These are two in number. In the one, the article is scaured with 
Calais sand or pumice, a stiff bristle or, sometimes, m iron-wire brush 
being used ; in the other, the wo,rk is sand-blasted. The former process 
(brushing with sand or pumice) is performed several times during the 
cleaning of the work ^ the latter is, ^ most cases, necessary only once. 
Both are simply mechanical in action, as is obvious. 

2. Chemical Cleaning Processes 

In these cases the action involved is chemical. It consists of the 
solution of the surface material by the chemical agent employed. For 
instance, representing rust i as an oxide, FeaOg, the removal by hydro- 
clflorio acid is represented by: 

Fej03+6HCl=2FeCl8-b3Ha0. 

Agahi, removal c4 grease by potash may be represented by: 

(R'COOxR' + xKOH = xR'COOK -f- R''(OHL. 

(ethereal salt) (potash) (metal salt) (glyceioQ 

' Bust is pi^babl^ a much more complicated subotance than is represented^bv this 
formula^ 
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This represents the general 'case. But since the compositions (or 
“ compos ”) used in the polishing shop are made of stearin (as a binder 
and lubricant) and some cutting 'or*polishuig material, such as kieselguhr 
(or tripoli), Vienna lime, or. rouge (red oxide of iron), and it is the fat 
of these which has to be removed in the cleaning process, the particular 
case may be represented by*: 

(C,,H^,COO),CA + srOH =:*3G,H3, COOK +CA (OH), 

(stearin) • (potash) ^ (poiassimn steamte) (glycerol) 

It may be remarked that the process here representM is known to chemists 
as “ saponification.” * 

It is important to bear these «liemical equations in mind. Thqy 
represent, typically, as has been said, the chemical actions that effect 
• the removal of the material' on the surface of the wofk. It is evident 
from them that a given amount of the chemical agent employed (ucid, 
potash, and thejike) will do only a certain amount of chemical work. 
When that much ^s done, there is no longer any of the agent left to do 
work; and, moreover, beforb it is alt exhausted it may be too dilute 
(weak) properly to effect the desired result, since it is a well-known lajv 
of chemical action that the rate of this is projjortional to the concentra¬ 
tions of the chemical agents acting.'^ The inipc?rtance of this, froqi the, 
j)ractical point of view, is that it is of no u.se to continue using an acid 
dip or a potash solution that is not maintained at a suilable working 
strength. This is a matter that is sometimes neglected or lost sight of ; 
it is one that will have to be further referred to. 


3. Electbo-Chemicai. Cleaning Processes 

Such processes may be applied t.o the removal of scale, rust, or grease.^ 
It is proposed to Consider, Jirst, the action whereby the surface material 
is removed, and then to discuss, scieuti/Lcally, the advhsabiljty of the use 
of electro-chemical cleaning methods. 

(a) The Action of the Electro-Cleaning Process 

• It is necesjary, at the outset, to state briefly that the process consists 
in removing by means of the electric current such materials as exist on 
the surface of the work. The method of doing so is as follows: The 
work is suspended from the anode or cathode rod of a vat, put together 
in all respects as a plating tank, but having a* liquid content a solution of 
some chemical, such as an acid, or cyanide, or potash, which, in solutidn, 
is a good conductor of electricity. Whether the solution is an acid or 
an alkali depends upon the work required to be done. Removal of fcale 
and thick rust is effected in an acid solution ; for remo,val of a thin layer 
of rust, or of grease, and, sometimes, of tarnish, an alkaline solution is 

^ This is knowfi in Physical Chemistry as the Law of Mass Action. See J. WtMellor, 
Chemical SUUica and Dynamics, 1904, chaps, i. and ii. ^ 

* Details of various cleaning elutions (including the electro-chemicftl) will be given 
later. * 
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used. A heavy current is then passed through the solution. In consider¬ 
ing the way in which surface material is removed from the work, it will 
be convenient to take the case of‘grease’ oil, and the like, first, and then 
consider the case of other substances. 

The manner in which' grease is removed frym the surface of the articles 
to be cleaned has been carefully studied by Ur. A. Barth.' Upon the 
results of his experimental work Barth rwnarks as follows : “ The ex¬ 
tremely quick and thorough u«)rking oi electrolytic de-gi'easii)g has 
hitherto been quite generally considfred to be% ])uroly chemical process, 
that is, as a'saponificatlon of the fatty niattoi’ by the caustic alkali which 
is formed, through the agency of the cu.rent, from the ])rimarily separated 
tdkali metal with liberation of liydroji^ai, and which is particularly active 
at*the moment of its formation” (03, as the chemist would say, “in the 
nascent state”). ’“This theory is correct,”■continues Barth, “so far as • 
the i»moval of saponifiable fatty matters is concerned. But it does not 
explain the lately cstabli.shed 1.ict. that, in w’arnuid de-greasing baths, 
machine oil, paraffin oil, and similar nnsa|ionifial)le iflatters are almost 
as quickly removed through fhcaagcncy tif t.he current as are easily 
saponifiahle facts.” 

As regards such iinsajamillalilc matters, Barth concludes that the 
orocess ol removal must be ])iirtly chemical and partly mcrlmnical; and, 

60 prove the truth of his conclusion, he Tiiarhi the following e.xperiments: 

A moderately strong aipieous solution of alkaline carbonates was made, 
ind it was heated to 85“ to 100' Fahr. I’ieccs of ])olished iron sheet, 
iiaying an area of two square decimetres, were t.hiuly covered, some with 
ordinary fats, .some with paraffin oil, and .sus])cnded in the solution from 
the cathode (negativt!) rod of th(! tank. A current waff then passed, the 
pressure being 3 to 4 volts. It was found that whereas the sheets covered 
ivitli fats were perfectly cleaned in two minutes, those with the oil upon 
ihem required a current strong enough to produce an aUimlanl evolution 
5f gas. Watching carefully the jirocess of *the gas evolution, Barth 
loticed that if occurred, first on the suspending wires, then on the edges 
ind corners of the sheets (that is, where the oil layer was probably thinner 
ind the cuirent density'certaiuly greater than in other places), and finally 
ipread over the whole of the sheets. In the result the sheets were freed, 
Tom the oil after the strong current had been pas.sing some twelve t» 
Hteen minutes, and could, after being swilled in water, b^ coated wHh 
m adherent coat of nickel. Barth noticed, too, that the higher tie 
neltmg point of the substance u.sed to smear the sheets and the lower 
;he temperature of the solutijn was, the more difficult it was to clean the 
sheets. His conclusion is that the temperature of the solution must be 
sufficiently high to melt the substances to be removed from the work, 

IS o^erwise “ the current cannot find the necessary points of attack, 
linc^it is not able to penetrate, and tear loose, layers of difficultly 
iquefiable fats. The removal of typically unsaponifiable liquid or melted 
substances in the de-greasing bath can only be explained W the purely 
nechanfcal operation of the bath, and this is effected as follows: By 
she action of^he current, alkali metal is, in the first instance, deposited 
* Ohem. Ztg., 1911, p. 356. 
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upon the base metal. The decomposition of water by the alkali metal 
which then occurs is accompanied by. a sort of explosive evolution of 
very small gas bubbles which ^ear^away the surrounding fat layer from 
the object. When one observes with what violence, particularly in hot 
electrol3^e8, the gas bubble^ are repulsed from the surfaces of the objects, 
the mechanical tearing of the fatty layer ^ecomes self-evident. It is, 
however, a root condition to the Aechanical de-greasing by the gas 
bubbles that the alkali metal^can become deposited between the object 
and the fat layer, which is only tht case when the unsapoi^able layer 
is thinly fluid and easy to tear-apanJ.” Of the*foregoing explanation 
given by Barth it may be said, that, if it is not the correct one, it is difficult 
to understand how else the unsapoififlablc matters could be, as experiemje 
shows they undoubtedly* are, removed from the surfaces of the articles 
by the electro-cleaning process. 

Assuming Barth’s explanation to be correct, then the mechanism of 
the process may.^be represented thus; * 

Alkali=N ag CO3 (say) solid 


Na+Na+ CO3— (on Solution) 

Cathode <-^ ^-Anode 

(i) 2 Na+-t-2 e =2 Na 

(ii) 2Na-l-2IIOH=2NaOH-t-H3 


Acts chemically in the case Acts mechanically in the 
of saponifiable fats. cases of both saponifi- 

» able and unsaponifiable 

' matters. 

C <. 

Attention may now be directed to the use of the 'electro-cleaning 
process to remove other substances than grease,' oil, and the like—sub¬ 
stances such as scale, rust, and similar matters of an inorganic nature, 
“yhe author has found that thin films of rust can be removed in a few 
moments m< a solution of the composition used for de-greasing—an 
aHialine solution. The removal cannot, in this case, be due to saponifica¬ 
tion. It may, however, be due to reduction of the oxide (rust) by the 
nascent hydrogen; or it may be due to mechanical (scouring) action ; 
or it may be due, perhaps, to both. The alkaline electro-cleaning solution 
is, however, of no use when thick layers of rust or fire-scale and the “like 
substasices have to be removed. The author has frequently used for this 
purpose a solution introduced by C. J. Reed,® and used it withe great 
success. The bath recommended by Reed is simply^ a sulphuric acid 
solution of specific gravity 1’25 ; and the current density to be employed 

* Equation ^i) represents the action of discharge of the sodium ions, Nfc-t, Na-t-; 
while equation (ii) represents the chemical reaction that ocours between the discharged 
sodium and water. c • 

’ Tram. Am. Eketroehen,. Soc., 1907, vol. xi. p. 181. t 



PRACTICE : PREPARATION OF THE WORK • 27 


is 70 amperes per square foot of surface. He recommends that the 
temperature of the solution be maintaiped at 60° C., but the author has 
found this to be unnecessary; the b’ath.works quite well at the ordiiary 
temperature. In regard to the action of thfe removal of the scale, Reed 
says: “In the ordinary process” (of pifk^ling) “the acid dissolves 
principally the iq^tallic iroii, and the scale is largely removed mechanically 
by the hydrogen gas formed un^er thej^icale. In the electric cathode 
process none of the scale'is reiioved mechanically, as no gas is formed 
except bj'’ the current^and none af, under tlfe scale.” This explanation 
is unsatisfactory. It is highly Jirobhble, 'indeed, that the removal of 
part of the scale is due. to solvent action; but it is at least as likely 
that the removal is partly due to mechanical action similar to that 
operating in the^e-grcasing bath. 'Tf, in the fiM place, in the “ ordinary 
process ” hydrogen can act as a mechanical agent, a fortiori, one would’ 
suppose it so acts in the electric cleaner. Secondly, the present author, 
who has used the solution a great deal, and carefully ojiserved the pheno¬ 
mena at the cathode during the action, has frequently noticed large 
quantities of, for the most part tiny, but sometimes comparatively large, 
pieces of scale being tossed about by the escaping gas in the neighbour¬ 
hood of the work; moreover, scale can be sometimes seen to be torn 
»ofi 'ts surface. Thirdly, there is the analogy of the de-greasing bath, 
which Barth has carefully studied. No such careful work appears to 
have been done by Reed. 


(6) Emphymeni of the Electric Qleaner 

This or that process may be convenient and effective, but it does not 
necessarily follow that it is advisable to employ it. In regard to the 
electro-cleaning process, it may be said at once that it certainly ought 
not to be employed in the cases of certain cl 9 , 8 ses of articles. No article 
that is to b^ subject to tensions or stresses should be subjected to the 
operation of etectro-cle.aning. Among such may be enumerated : springs 
of all kinds, cycle spiJccs, and, in general, articles that would be injuri¬ 
ously affected in working by loss of elasticity or flexibility. That the 
physical properties of metal that has been cleaned electrolytically afe 
affected is now proved beyond doubt. It has been showii by M. De R.. 
Thompson and C. N. Richardson,^ and later by 0. P. Watts and 0^ T. 
Fleckenstein,* that brittleness is undoubtedly produced in steel springs 
by electro-plating processes. There is no difference of opinion in these 
papers as to whether brittleness is produced ; the only question was as 
to* how the brittleness is caused—whether it is effected in some way 
by the free cyanide of the solution used or by the hydrogen electrolytically 
genwated at the cathode {i.e. the article treated—^the sprmg). Thompson 
and Richardson think the cyanide causes the brittleness; Watts and 
Fleckenstein show (and, in the opinion of the author conclusively show) 
that Ijydrogen is the cause. They show that brittleneis is produced 

' Het. andChem. Sng., 1917, vol. xvi. p. 83. 

’ Traiu. Am!Mlectrochem. Soe., 1918, vol. xxxiii. p..<89. The author’s attention has 
been particularly recalled UPtliis paper by Prof. Watts in ffpcrsonal communication. 
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in cases where the solutions used contain no cyanide, such as sulphuric 
and hydrochloric acids, solutions of Mtassium sulphate and chloride, 
and also of caustic potash. SpeciSc^y, in regard to electro-cleaning 
baths they remark : “ When used as cathode in the hot electric .cleaner 
at 9 vblts, and thus exposed^o a storm of hydrogen, a spring is rendered 
quite brittle in fifteen seconds, and in thirty jeconds is raned.” 

The present author found (hat cydle spokes which were cleaned in a 
cold electro-cleaning solution, containing caurtic potash and potassium 
cyanide, were rendered brittle. ‘ ^ ^ 

It has been shown by J.'CouhtonMthat the electro-pickeling process 
may affect the pliysical properties'^of fron and steel. But he found that 
while chemical and cathode pickelihg produced embrittlement in steel 
springs, no brittleness W8(s caused if ‘uhe articles were pickled as anodes. 

' It cannol, however, be sound practice to pickle work such as springs, 
spokes, and the like, as anodes. As C. Hering pointed out in tlie*dis- 
cussion on Couls^yu’s paj)er, it is difficult to believe that they would not 
be attacked to a greater or le.ss extent. The practice! is wholly inadvisable. 
It must, at the same time, be jaiinted <Ait that T. S. Fuller * has indicated 
a way whereby, he says, brittleness produced in steel springs by electro¬ 
plating may be jnevented. He states that embrittlement is not caused 
by electro-plating if the articles are first dipped in molten tin, whichr 
(he says) does not a]>|)i eciahly affect the ])hysical properties of the springs, 
even at a temperature of 2()6^ to 300° 0. Fuller believes that embrittle¬ 
ment is not caused under such conditions, laicaiise the nascent hydrogen 
cannot penetrate into the nutal. The layer of tin on the dipped articles 
acts as a non-porous' sheath, rresumably the same argument would 
apply to electro-pickeling or' electro-cleaning ; but the same process 
would, in many cases, be economically impossible, even if it were simple 
in action, which is doubtful. 

The authorities cited and commented ujam above, all make it clear 
that the electro-cleaning process mus|} not be used on such work as 
springs, spokes, and similar articles ; and most of tlicm Lidicate as the 
reason that such articles are rendered brittle by the process, the brittleness 
being in some way or other brought about by the hydrogen “ atmo- 
^here ” to which the articles are submitted. This is, indeed, but part 
of the larger subject of the occlusion of gases in metals and the effect of 
su^ occluded'gases upon the physical properties of metals. It woidd 
nor be in place to enter further into the subject here; but it is a 
very interesting and important one, and for that reason a reference to 
scientific publications on the matter is given at the end of Chapter IV. 
The author’s immediate object is to point out and insist upon the care 
that must be exercised in regard to the use of electro-cleaning or electro- 
pickeling processes. Such care is especially important in the ca^ of 
engineering work, since the articles to be dealt with^are, in this case, 
usually made of iron and steel, which are particularly liable to be affected 
by gases, and especially by nascent gases. Apart from its use with 
articles of the'kmds above mentioned, the electro-cleaning (or pickeling) 

' 7’miu. Am. Elcetrochem. Soc., 1917, vol. zzzii. p. 231. 

* ibid., 1917, voL xxxii. p. 248. 
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process will, in many cases, be found to "be both convenient and effective. 
Great care must, however, be taken to ensure the entire absence from the 
articles of the substances contained in the solution used, when the woric 
is put into the plating tanks. {Vide supra, “ The Adherence of Electro¬ 
deposits.”) • ^ ^ 

(c) ^xampl^s of Cloning 

A few examples will noy be^iven tofuustrate the actual process of 
freeing work that has to be plated from greas«, oxide, and other surface 
material. The exam^es, which Wre i^tual cases that occur in daily 
practice, that will be considered! art,: (1) Cast-iron work, e.g., sad¬ 
irons, air-bricks, and the like; (2) Sycle work ; (3) Cast-iron printing 
rdllers ; and (4) Brass work, e.g., cjiele or motor lamps. 

(1) Cast-iron Iborh. This may be assumed to come to the depositor 
in the rough state in which it leaves the casting shop. It may be sup¬ 
posed that it has to be prepared for clectro-galvanizinjjt Its surface is 
almost certainly covered, wholly or in placet, with scale or oxide, which 
must be removed ; and it has certainly bden handled. The process of 
cleaning will be as follows : (i) Immerse in hot (boiling, if possible) 
potash, in order to remove any grease present on the surface and due to 
handling, (ii) Brush with a stiff bristle or iron-wire brush, using powdered 
JTumidfe as abrasive in order to remove loose material (the work need not 
be swilled in water previous to brushing), and swill in clean, running 
water.i (hi) Pickle ^ in acid: this is aided by the previous removal 
of grease in the potash bath. The clectro-pickeling solution may be used 
in this case with advantage. Brushing at interval* will help to remove 
loosened material, (iv) Keniove from the pickeling sWution after the 
surface has become freed from scale, and swill in water, (v) Brush as 
before, using pumice, and swill well in clean, running water. • 

(2) Cych work. This usually comes into the platiifg shop in good 
condition. The surface has been polished in tlfc polishing shop, and will 
have little or oxide upon it. This fact simplifies the cleaning process, 
which will be as follows : (i) Remove grease in the potash solution. 
The electric cleaner ma/ be used for certain of the work ; this is a matter 
of discretion, (ii) Brush with pumice, and swill, (iii) Dip in very dilute • 
sulphuric acid solution, in order to “ kill ” any potash remmning on th^ 
surface or in the pores of the metal, and swill, (iv) Brush again wi^ji 
puiftice and swill thoroughly. 

(3) Printing rollers. These are taken as examples of a type of work 
that frequently comes to thq plating shop. Iron fenders polished on 
partj of the surface are other examples. They usually have a good surface 
free from scale or oxide. To clean them preparatory to, say, (^pper 
deposition: (i) Brush over the surface with hot potash solution, using 
a stiff tristle brush and pumice, and swill. If the work is of convenient 
form it can," of coirtse, be immersed in hot potash. In any case the 

^ It may be stated here, once for all, that all water used for rinsing wrposes in the 
plating shop should be clean and fresh. A running stream of water should be maintained 
where possible. • 

• “ TO pickle '’iineans to put into a solution that wiM remove scale, oxide, or l^nd. 
This term i§ generally used of ^id solutions (or dips,’' as Mtey are called). 
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electric cleaner can be used if ciraivenient. (ii) If potash is emplofed' 
repeat the treatment, and swill thoroughly. The work is now rewy for 
the plating tank. Acid dips are unnecessary, since the work must be 
given a coat of copper in the cyanide bath, which is alkaline, before being 
put in the acid copper solution in which the bulk of the copper will be 
deposited. ' ^ 

(4) Brass work, e.g., cycle^nd mator ladlps. This •example of brass 
work is taken because it is sttnewhat more difficult to treat than work 
such as tubes or sheets, and the likf. In assembling, the various parts, 
of which the lamps consist, are s^lders^. together, and care must be taken 
that the solder sufiers little or m apack by the solutions used in the 
cleaning process. The brass will be polished', and the polish must be 
destroyed as little as possible. Th% cleaning process may, therefore, be 
as follows : (i) Remove grease in the electric cleaner,® and swill.^ This 
is preferable to the use of strong potash which attacks many soJ,ders. 
The work should not remain in the electric cleaner longer than is necessary, 
because, as stated; above, caustic alkali is a product of the cathode reaction 
in the cleaner, and this will attack ihe solder in course of time, (ii) 
Brush with a soft bristle or fibre brush, using Calais sand * as an aid 
to the removal of any loose material. Calais sand must be used instead 
of pumice in this case, because it is important to l-reserve as far as possible 
the polish of the surface of the articles which they have when the/^omfe 
into the plating shop. To do so results in economy, since if the deposit— 
nickel, say—is formed on a roughened surface, the deposit will be at 
least as rough, if not more so, and the work will be more difficult to 
“ finkh ” after being»plated. (iii) Dip in dilute acid in order to destroy 
any alkaline material, swill, brush lightly and quickly, and finally swill 
thoroughly in clean, running water. 

^ T6 swill is to rinse. 

2 In platiDg“8bop parlance, “ Brush with Calais sand ” (or with pumice). 
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PRACWCE (continued)-. TBE iJEPOSITION PROCESS 

AND THP FINWHING PROCESS 

• 

O NE of the most frequently occurring cause#that stands in the way 
of the succcSsful operation of a plating-solution is a want of know¬ 
ledge «n the part of the depositor of what a plating solution really con¬ 
sists; Sometimes the component substances contained^ the bath are 
unknown, not only to the man who has to work the bath, but also to 
any one in authority in the works *Sn which the bath is installed. The 
soijition is made from salts already mixed before they come into the 
works, and the operator is left to get the best results he can by following 
written instructions sent with the salts. This is, and must always be, 
a "most unsatisfactory position. The clearest and most carefully worded 
instructions are never sufficient to enable a man, however skiUul a plater 
he may be, to work a solution of composition unknown to him at the 
maximum of efficiency and economy. If this fact is not obvious as soon 
as stated, no amount of labouring will make it clear.’ 

But whether or not the contents of this or that paRicular solution 
are known to the man who has to work it or to supervise its working, 
there are certain principles upon which all good solutions have, -perforce, 
to be based, and which should bo borne in mind by all ^ho have to do 
with those solutions. 


ON SfOLUTIONS IN GENERAL 
I. The Component Substances of the Plating So^jUTIon 

A Solution from which metal is to be electro-deposited must contain 
a representative from one or more of the following classes of substances : 
(i) A salt containing the metaHo be deposited ; (ii) “ Conducting salts ” 
(so Galled), among which are mcluded acids, which are often regarded 
by chemists as salts of hydrogen; and (iii) “ Addition agents.” ^ 

(i) The metd-containing salts. The salt of the metal used as a con¬ 
stituent of a plating solution is usually either the sulphate, e.g., copper 
sulphate, zinc sulphate, iron sulphate, and so on, or the double cyanide, 
e.g., silver potassium cyanide or copper potassium cyanide. Sometimes, 
though i^ch less frequently, some other salt is employed, ^br instance, 
zinc chloride i» used in some zinc baths ; lead acetate is used in lead 
baths; '^d tartrates, fluosilicates, and ol^r ^similarly uncommon 
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substances are occasionally used. The sulphate is much to be preferred 
if it can be used, since it is usually cheaper, and one knows with ^eater 
certainty what takes place at the electrodes upon the electrolysis of a 
bath founded upon it, and hence one has a greater control over the 
working of the bath. i 

(ii) Condiicting salU. These are usually salts of ammonia—the 
sulphate or the chloride, a^, for imstancef- ammonium sulphate (often 
used in nickel baths) and animoniumjchloride, which is used sometimes 
in both nickel and iron solutions. lAtftimes the sulphate or chloride of a 
metal of the alkali or alkaline «earti(i group is employed. “ Sulphate of 
soda is added by Schlotter^ to ms i^jbn bath ; sodium chloride (common 
salt) is a frequent component of Jiickel bath's ; and calcium chloride is 
an essential constituenteof the Fiscjier-Langbein iron depositing solution. 
Many other instances could be given. It may be remarked that potas¬ 
sium salts are but comparatively seldom used, the chief reason^, being 
that they are^ considerably more expensive than the corresponding 
sodium compouMs. One reason for the use of “ conducting salts ” is, 
as the term implies, that they eiiakle the current to pass more easily 
through the solution—^they lessen the resistance. One result of this 
diminution of resistance is that the electromotive force required to pass 
any given current is (by Ohm’s law) diminished also, and thus the cost 
of power for plating is lessened. Another result, equally as important, 
ensues. Suppose F is the anode-cathode potential drop. This E.M.F. 
is the algebraic sum of the potential between anode and solution on the 
one hand, and the potential between cathode and solution on the other. 
Thus, F=anodc p(ftentiaH-cathode potential. If F diminishes, the 
sum of the anede and cathode potentials does so; and in most cases 
each of those components will share in the total diminution. It is the 
lessening of the potential at the cathode which is of most importance 
from the plating point of view. For the lower the cathode potential is, 
the less likely, ceteris parihis, is hydrogen to be liberated. Where hydro¬ 
gen is liberated along with the metaPto be deposited, tw€ disadvantages 
result, namely: (1) The cathode efficiency, as regards metal, must be 
below 100 per cent., and the more hydrogen iS liberated the lower the 
cathode efficiency will be (Faraday’s law); and (2) the liberation of 
hydrogen has often an injurious effect upon the form in which the metal 
is deposited. It will be liable to be less coherent and to become powdery; 
the liberation of hydrogen in any considerable amount will cans# the 
deposit to be useless. It will thus be seen that the cathode potential 
should always be kept as low as possible. One way of effecting this is to 
keep down the total anode-cathode potential, and the use of conducting 
salts js one way of doing this. The use of conductmg salts is of advantage 
in other ways, though these are less generally apparent to those who 
work plating baths.® It will shorten the discussion to take an example. 

If a nickel bath is made that contains the sulphate only, of that metal, 
in solution, jio reguline, useful deposit can be obtained. But if sulphate 

* Vidt next chapter, p. 61. , 

*‘See A. Broohet, Qalmnpkutie, 1908, at pp. 48, 49, and elsewhare ; A Hoilard, La 
Thlorie dee lone, 1912, p. £00. 
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of ammonia be added (or if i^e saft known as nickd ammonium sulphate, 
dr, in the plating shop, as," doable nickel salts,” be added), then the nickel 
is deposited out in the usual form. ISie'function of the conducting salt 
(ammonium sulphate) is seen in the following chemical and eleotro- 
•chemioal equations, which arfe taken from a papa' of W. Pfanhau 8 er,'jun., 
who has worked out the reasons occurring St iSie electrodes during the 
operation of the double ni(&el luiphate tpath.'- The reactions at the 
cathode are the only ones of ,impdfencfl hire. 

NiS 0 ,+(NH, 5 ^ 0 j=(N®i(§d 4)2 ".(i) 

(NH«), I pJO,)s.(ii) 

to cathode < - ^to anode . (iii) 

2 (NH,)+{NH 4 ),Ni(S 04 ),=Ni+ 2 (NH 4 )iS 04 . . . (iv) 
2 {NH 4 )-H 2 Hj 0 = 2 NH 40 H+Hj .(v), 


One sees, therefore, that (i) the ammonium sulphate added to the 
nickel sulphate solution forms with this a double (or, rs^er, a complex) 
salt which (ii) splits up or ionizes into (NH4/’, as cation, and the complex, 
Nif 804 ) 2 , as anion; (iii) the cation travels to the cathode, and is dis¬ 
charged there ; (iv) upon discharge, the (NH4) reacts with double nickel 
salt in its neighbourhood; and replacing the nickel from this, gives rise 
td anfihonium sulphate. The nickel is deposited on the cathode (the 
work, that is) as reguline metal. It will be noted, too, that some of the 
(NHj) reacts with the water of the bath, and that hydrogen gas is formed. 
This occurrence helps one to understand why the cathode efficiency of 
the double nickel salt bath is so low ; but it will be observed that the 
formation of hydrogen is the result of a secondary reaction, and does not 
result from discharge of hydrogen ions- at the cathode. The hydrogen 
formed is, therefore, not so dangerous as it would be if it had the latter 
origin. The point of immediate importance here is, however, that the 
conducting ^alt has, in this case, another function than that of making 
the solution nrnje conducting—assisting the passage of the current, that 
is. In this case it enables a reguline deposit to be obtained where, in 
its absence, one would dot be formed ; and it does this by causing the 
nickel to be deposited as the result of a secondary and purely chemical ^ 
reaction instead of directly and immediately after discharge of the nickel, 
ion. It is highly probable that nickel is not the only metal*that can be 
so deposited. It used formerly to be thought that silver was deposited 
from the cyanide of potassium and silver in like manner: it is stiU 
believed® that copper is so deposited from the alkaline copper bath in 
which the copper is present as part of the complex anion, Cu(CN) 2 . 
A paper published by P. Haber ® has thrown some doubt upon the 
explanation being the right one in the case of silver, but it still Holds, 
in gentral opinion, in that of copper. 

(iii) Addition agents. This is the term by which a large number of 


‘ Zeit, t Eltktfochemie, 1901, toI. vii. p. 698. , 

' E. S^zer, Zeit. f. Elektrockemie, 1905, vol. xi. p. 345 ; Brochet, op. cit., p. 74 ; and 
vide poet, p. 112 e(*se9. 

• Zeif. f. Bleitrachemie, 1904, vol. x. pp. 433 and 7'Jii and see H. Danneel, Zvit. f. 
JHehtrockeme, 1903, -rol. ix. pji763. 
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substances are known in the electro-metallurgical world. Their function ^ 
is similar to the latter of the two functions of conducting salts just referred 
to : they, when present in the sblutioh, frequently enable a deposit to be 
obtained from it when otherwise either no reguline deposit would be got at, 
all ot the grains of the deposit obtained would 'be non-coherent and the 
deposit would then be dsel^s for practical purposes. A case in point is 
that of lead. No solution is h^nown fusm whiOh this mefal can be deposited 
in coherent, small-grained folm in the absence of some addition agent. 
Mr. F. C. Mathers has informed the*vmter that his well-known perchloric 
acid solution will not give satisfac/ory deposits of lead “unless small 
amounts of peptone or olive oil‘*'(orinne of spme few other substances) 
are added to it.® It is the fact that, in the case of the metal zinc also, 
all the best baths use^ for depositing this metal (for what is called 
“ electro-galvanizing,” that, is) contain a small amouift of some addition 
agent which, in this case, is often gelatine or dextrin. The nature rof the 
substance emplpyed as addition agent has already been indicated. It 
is most frequently an organic substance, such as a gum or sugar, gum 
tragacanth, dextrose, and the like. 'Among other substances that have 
been employed are : naphthalene sulphonic acid, pyrogallol, resorcipal, 
glycerin, liquorice root and liquorice extract, eiconogen, and very many 
others. It is not always the case that the addition of an addition agent 
taken at random will produce the desired result: the particular substanSe 
to use in any particular case has to be foimd by trial. An addition agent 
which produces a good result in one case will (or may) be found to have 
injurious effects on the structure of the deposit in another. The fact is 
that very little is known about the way in which addition agents act. 
All that is certain is that they do act—either for good or for bad : and 
that when they do produce favourable results these are brought about 
alongside a diminution of the size of grains of which the deposit is formed, 
and these diminished grains adhere firmly together. It is thus useless 
to discuss the modus optraudi of addition agents; but it will not be 
without some use to make some few remarks about thyfe employment. 
In the first place it is notable that, in the great majority of cases, the 
amount of substance that must be added is very small. For instance, 
(the quantity of gelatine that should be added to a copper sulphate or 
tnickel ammonium sulphate solution in order to produce a bright and, so 
far as the e^e can see, structureless deposit, amounts to a few (1 to 3) 
^ams per gallon of solution. Secondly, addition agents are usually of 
colloidal nature or give rise to colloidal solutions. Aluminium sulphate— 
an inorganic compound—is often used in ^inc baths.® It is known that 
the hydroxide which results from the hydrolysis of this salt can givarise 
to a colloidal solution. It may, therefore, very well be that the improve¬ 
ment of a deposit which often results from the presence of aluminium 
sulphate in the solution is connected with the presence of the cdlloidal 

{. 

• Cf. E. F. Kem, “ The Function of Addition Agents in Electrolytes,” Tram. Am. 
Meetrochem. Sm., 1909, vol. xv. p. 441. 

• See F. C. Mathers and 0. E. Overman, Tram. Am. Electroehem. Soc., 19ft, vol. xxi. 

p. 313. >. 

• Cf. W, T>. Bancroft, Tramt Am, Ekctrochem, Soc., 1912, vol. xxi. f and M. Sohlotter, 
OalvanoMegie, Teil 1, pp. 3Band 51, 
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substance. And, thirdly, no colloidal substance or one that will give 
rise to the presence of colloidal, matter should ever be added to any 
solution unless the result it is going to have upon the deposit is definitely 
known beforehand for the particular case. 


2. The Composition of the Solution should be Simple 

r. * * 

The simpler the composition of a plaljng solution is, the- ino^e easy 
it will be to work and control. Jb m only raioly that a solution cannot 
be devised that contains only th*e oeinponents at most. As regards 
the conducting salt employed (whefe oi»e is used), this should, if possible, 
contain the same acid radical as ao'es the salt containing the metal. 
Tllus, sulphuric acid, and not nitrvi acid, should be used in the acid 
copper bath; anftnonium sulphate, and not the chloride, is used, as a 
rule, ju the nickel sulphate bath ; and so on. The result of observing 
this rule is that the number of different anions discharged at the anode 
is lessened; consequently, the knowledge of what is iilappening at the 
anode is more certain, and a better control can be mainteined over the 
general working of the bath. A solution that contains half a dozen 
components will almost surely give the operator a lot of trouble, and it 
may easily become impossible to work satisfactorily at all. 


3. The Anode and Cathode Efficiencies 

In all really good solutions these will be approximately 100 per cent. 
Usually the anode efficiency is lower than that at {he cathode, and this 
means that metal is taken out of the solution faster tljan it is supplied 
to it. It means, too, that the bath will gradually become poor in metal, 
and this must be supplied from outside (e.g., by addition of metal salts)— 
which is objectionable. 


The General Claracters of Deposits 

A good solution should give a deposit that possesses certain character¬ 
istics. The deposit should be close-grained ; it should be matt and non¬ 
crystalline in appearance. It should be light in colour ; but it ought* 
not to be bright. A bright deposit is almost always har(^ and brittle.* 
Th» bath should be capable of continuously yieldmg a deposit having 
the required qualities over a considerable length of time, that is to say, 
for three or four hours at least. A competent plater knows that his 
deposit is a good one if it is oigood colour, smooth, dull, and non-crystal- 
lin^(to the eye), and if any outgrowth that forms on the edges of the articles 
is rounded in appearance. Another characteristic of a good sctlution 
is thq|i it will give a result that is of approximately the same thickness 
all over the surface of the articles. Owing to the way in which the current 
is distributed over the surface of a cathode, the thickness of the deposit 
will neirpr be everywhere the same.^ The deposit on re-qptrant parts 

' See W. Harimuser, jun., Ekbroehem., 1901, vol. vii. p. 895; or A. Broebet, 
(m. cii., p. 162. An intoreating paper on tbia matter b; K. Arndt and 0. Clemens, Chem. 
Ztf., IS^frol. xlvi. p. 296, baa recently been publiahm. • 
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of the surface will, usually, be least, and that on comers and edses most. 
The lines of force between an anode and a cathode ure dist^uted in 
exactly the same way as they would be between two metal conductors 
in au, or as they are in a magnetic field. Consequently, the current 
density will always vary orjer the area of a cathode (or anode), and since ' 
thickness of deposit varies with the current density, that thickness will 
not be uniform. Nevertheless, in fill good solutions’ the conductivity 
will be good, and hence the tMckness ydll ni?t vary considerably—within 
the limits of total thicknSss roquireH pr ordinary plating purposes.^ 


ON DEPOSITION IN PRACTICE 

• It 

With the principles set out above in mind, the operator can control 
his solutions much more efiectively than if he does not know <!hem. 
There are, too„^a number of practical rules which have to be observed 
by all who wish to obtain the best results and avoid troubles. These will 
now be discussed. 

(а) Cleanliness should be made a fetish. Girls should not be allow«d 
to wash up their platters in the water used in the scouring and swilling 
troughs, as the writer once saw being done in a Walsall shop. AU rods 
and vat and anode connections should be cleaned at least daily. Meters 
must be cared for ; and the wires of the resistance boards must not be 
overloaded. Any “ burnt ” wire should be replaced. Care should be 
taken that the anodes are alive. This can easily be done by holding one 
end of a thick, flexible, copper wire against the cathode rod while the 
anode is lightly teatched with the other end. If the anode (or anode 
suspending hook, where that is tested) is alive, there will be a spark. 
After the vat has been disconnected for purposes of cleaning, it must be 
seen to that it" is properly coimected up again, anode connection to 
anode rod, and cathode''connection to cathode rod. Connecting the 
anode lead to the cathode rod has frequently been the cttuse of trouble 
and expense. There is an important point to be observed with regard 
to the wires used for suspending the work in the solutions. In the majority 

. of cases copper wire should be used, and it should be of sufficient gauge 
•to carry the necessary current without heating. The use of brass wire is 
no real economy : the use of thin wire may result m badly burnt fingers, 
e&pecially when using the electric cleaner. Wire that has been used for 
suspending articles tW have to be coated with tin or zinc can be used 
again after dissolving off the metal; nickel-plated copper wire has a 
market value. « 

(б) Nothing should ever be suspended in a solution unless the current 
is passing. In the case of some kinds of solution (nickel and icon, for 
instance), if the work is in the vat and no current is flowing, slight Oxida¬ 
tion wUl occur, and any deposit formed on an oxidized surface is very 
liable to pejl ofi—in plating-shop language, the deposit “ strips.” In 

^ On the structure of deposits the following may be usefully consulted : M. Sohlotter, 
op. eif., pp. 28-41; A. J. AUn^apd, Applied Electrochemietry, 1912, pt 124 (£. Arnold ); 
and F. Fdniter, EleUrochemde todeseriger Loaungtn, 1922, p 384. 
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the ^es of other solutions, e.g., cyanide baths (copper and silver), the 
metal of which the work consirts—copper or German silver, say—will 
dissolve if no current flows. In one caSe within the writer’s experience 
the deposit formed on safety razors was of a distinctly pink tir^e, and 
the cause of this was found to be that the solution contained a considerable 
percentage of copper, dissolved, no doubt, froin the brass of which the 
goods were made.’ The cus'ism tha* obtain® in some nickel-plating shops 
of loading a vat with wo.’’k jitst before tht dinner hour, and delaying to 
start the current until work recVnUnenra after dinner, is an entirely 
reprehensible one. Ah article d loppedf into the solution should be at 
once removed : in the casp of ironW sceel goodfi'this can be easily done 
by means of an electro-magnet. " ■ 

(c) Good, sound anodes should alt«',y8 be employed—anodes consisting 
of cast metal ratlfer than those made of rolled metal.^ As a general rule, 
as many anodes should be used as can be conveniently suspended from 
the positive rods. There is no economy in using poor or an insufiicient 
number of anodes. The current has to get into the solution by way of 
the anodes, and the bath should fee able to get as much of its metal as 
pessible from the anodes. It follows that anodes must be cleaned down 
to the solid metal every day, for if the surface is not clean it cannot 
be ea^y attacked and dissolved, and, moreover, if the anode surface has 
a layer of oxide or of decomposition products upon it, there will be there 
a layer of non-conducting material which will hinder the free passage of 
the current. At the same time it does not at all follow that an anode 
should consist of commercially pure metal. In America nickel anodes 
of a purity 90-92 per cent, are preferred to those of a higher purity. 
A well-known firm writes : “ The trade here demand? nickel anodes of 
two grades, viz., 90-92 per cent, purity, and those of 95-97 per cent, 
purity. The most popular grade is the 90-92 per cent.; we sell a very 
much larger quantity of this grade than of the 95-97 <per cent.” The 
reason for this is that the less pure anodes dissolve better than those 
that are more^^re, and feed the solution with metal better. This results 
from the fact that the iron, carbon, and other like substances contained 
in the anodes as impurities, set up local actions with the nickel (they act 
with this like a number of little cells) and help in the solution of th^ 
anode. Chemically pure nickel would, if used as anodes, be likely t(k 
became “ passive,” and then would not dissolve at all. SufSh considera¬ 
tions do not, however, apply to anodes of copper, silver, zinc, or tit. 
The metal used in these cases should be the purest commercial material 
obtainable. Other points conjjected with the shape, size, and composition 
of anodes will be referred to later.* 

(d) The •practice of using two cathode rods within two anode rods 
(a four-rod vat, that is), is to be condemned. The result of so doing is 
that, when the vat is loaded there v/ill be two rows of work between 
two rows of anodes'. Thus, only one side of the work is opposed to the 

‘ An iftteresting article upon “ Anodes for Electro.plating ” is coUtained in Tie 
Klecerochemiail Induelrtf, 1903, vot i. p. 347. It is written by the well-known authorities, 
C. F. Burgess andtO. Hambueohen. 

• Cf. aiaptcr VI., p. 64, ajd Chapter X., p. 120. 
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anodes; the other side will be screened by the articles composing the 
other row of work. Comparatively little current will find its way between 
the articles of the one row to the inside surfaces of those of the other, 
and, consequently, these will receive relatively little deposit. It is not 
always easy to convince the workman of this fact, and of the further 
fact that, where such d system is adopted, the work must be very 
unevenly plated.^ A similkr argument tfpplies to the, employment 
of a central anode rod with fli catho^ rod, on either side of it—in a 
three-rod vat. / 

(e) The upkeep of the soluthfu The rules of 'practice regarding the 
maintenance of the solution ar^ of/the greatest importance, (i) The 
spedfe gravity. The specific gravity of a solution is not in and by itself 
a reliable guide to its composition, Chough many of those who have to 
work plating solutions appear to think that it is. 'An example—an 
extreme one, doubtless—will clear up this point. The silver-pkiting 
solution is very ^bject to attack by both the oxygen and carbon dioxide 
of the air ; and very soon after a new solution has been made up it can 
be shown to contain oxidation products and carbonates. These continue 
to increase and, together with the products formed at the electrodes 
(namely, cyanates, formates, alkalis, and others), soon constitute a 
considerable portion of the solid matter in the solution. The specific 
gravity is, of course, dependent upon these to the extent of their presence*; 
and hence the hydrometer reading must in no long time become mis¬ 
leading as to the composition of the bath. It indicates the total amount 
of solids in the solution. Certainly, in the cases of some baths, for ex¬ 
ample, many nickel and cobalt solutions and some zinc and iron baths, 
the hydrometer reading is more useful, especially in the cases of newly- 
made solutions or such as have not been in work for any long time. 
And again, if an analysis of a solution be made to the extent of determining 
the percentage of metal it contains, then from this knowledge, together 
with the specific gravity, dne can learn a good deal as to the composition 
of the bath. For instance, suppose a zinc bath gives the foU(!rwing figures ; 
Zn (metal) =W% and spec. grav.=Si. One ^can easily calculate^ 
that zinc sulphate (anhydrous) contains=;^% zinc as metal, and hence, 
that the percentage of salt in a solution containing W % metal is Wg: 
the specific pavity of a solution containing W 2 % anhydrous zinc sul¬ 
phate is 82 , say,® while the value found by the hydrometer is S^. We 
thus know that the difference between the two specific gravities is due 
to substances other than zinc salts, and can then begin to consider what 
it is due to. (ii) Feeding the hath with metffl. The ideal way of main¬ 
taining the metal content of a bath is by solution of the anode. Replen¬ 
ishment from outside—by way of the addition of metal salts—should 

and R. S. Hutton in 1908 patented an “Improved electro-plating j^rooesa 
compnsing the subjection of the article to be plated . . , tot a difforentiw plating 
by arranging screens or their equivalent (which produce a vigi^tting effect of the 
plated material upon the article) between anode and cathode. . . Pat. No. 18246. 
The point of thft reference will 1 m obvious in connection with what is said orfprevious 
page in sub-paragraph (d). 

* FQom the chemical formula.^ . 

• Obtained from tables to^be found in text-books. 
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always be r^arded as a makeshift; and a bath that requires to be fed 
much in this way can never be looked upon as a good one. Nevertheless, 
it is often found necessary to rOsort to this method in practice; the 
“ double nickel salts ” solution is a common case. Where feeding from 
outside has to be done, the foUowhig rules of practice should be observed; 
(o) Nothing solid should ever be added to tnet solution. The salts it is 
necessary to add-should bBsJissolv^ up by solution taken from the vat, 
and the solution shoiild bti'efiectea in an^namelled iron bath (provided 
with some means of heating), ^h# solution, so made should then be 
returned to*the vat tbtough a linira oi;a.nvas filter. (6) The amount of 
salts that need to be added ishoulfft’reWefinitely •worked out and known 
beforehand. It is a very bad prabt'ce to add‘any arbitrary quantity, 
tfusting to chance as to whethe/'^at amount will be right or wrong. 
Such slipshod methods militate against proper control of the working of a 
batl^ And it is quite easy to determine how much salts a bath needs, thus: 
Remove 2 gallons of solution from the vat; ascertain by trial how much 
this quantity requires to yield a good deposit; measuft up the solution 
to find how many gallons there are in the va*; a little arithmetic gives one 
tjjie amount required, (c) When the salts have been added, results must 
not be looked for at once. There is a curious fact to be remembered in 
connection with plating baths. New or recently refreshed ones often fail 
fb gi^e of their best until a considerable amount of current has been 
passed through them. It is quite unknown why this is so, but it is a 
most important fact to be borne in mind, since failure to recognize it 
may lead to the ruin of a bath, in consequence of the addition of substances 
that are not needed or the addition of an excess of a substance that is. 
{d) When additions are made to a solution, this shoidd be done over¬ 
night or at the week-end, and the solution should be well stirred up. 
In this way the solution will be of uniform composition throughout, and 
time will be allowed for solid (insoluble) matter to settle down before the 
bath is required for use again, (e) Everything said above in regard to 
the additionoj salts applies with equal force to the addition of any other 
solid substance whatever. (/) Just as nothing should be added to a 
solution (whether it bS working well or badly) in an indefinite quantity, 
so nothing should be added for an mdefinite purpose. All experiments 
should be tried with a definite amount of solution (conveniently, 2 galloii|l 
taken from the vat. Experimental work in the plating-shop shouia * 
always be encouraged, but it should not be carried out on a solution as a 
whole. This rule is one which those in charge of plating solutions are 
apt to forget or disregard—often with serious results. 

. (/) Agitation. In the great majority of cases it is advisable to provide 
either for agitation of the solution or movement of the articles while 
deposition proceeds. The advantages to be gamed thereby are {inter 
alidf as follows ; (i) The liquid at the surface of the work will be con¬ 
tinuously renewed, (ii) Such renewal will allow of the employment of a 
higher current density, (iii) Greater output will be obtained in conse¬ 
quence of faster work, (iv) The structure of the deposits will be more 
uniform, and the solution will be maintained more u^orm in composi¬ 
tion, aftd str^ifioation,_due to the formation of layers of liquid of different 
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composition, will be prevented. The method adopted to agitate the 
solution or move the work is not very material, so long as it is not one 
that is violent enough to disturb the sludge at the bottom of the vat or 
to injure the articles as the result of impacts. Moving the cathode rods 
to and fro, slowly, and in a direction parallel to the length of the vat, ‘ 
is a good method to emplo}, and it is one that any competent engineer 
can devise the means (simple,and efffctive) pf operating. 

{g) “ Drying onl.” This operation come.s between the deposition 
process proper and the “..hnisl ing ’i the work. When the deposition 
is concluded, the work is removed from the plating solution, and should 
be well swiUed in clea.j, running w^er (cold), and then in hot (nearly 
boiling) water. After pissing thrquPi the hot water swill, the work is 
either put aside to cool %-nd complete drying, or the drying is completed 
by rubbing the work with hot sawdust—^preferably bUx-wood sawdust. 
The process of “ drying out ” would not have been mentioned herf if it 
were not that trouble may arise owing to defective workmanship. The 
trouble that mify arise is often called “ spotting out.” ^ It is due to 
insufficient swilling and drying ; articles made of cast metal are especially 
troublesome in this respect, and particularly so when they have begn 
plated in the copper cyanide or brass solution. If the solution (cyanide) 
that has found its way into the pores of the mett,l is not got rid of during 
the “ drying out ” process, it will be sure to make its presence khoMTii 
sooner or later. Round spots appear on the surface of the deposit wherever 
this has a hole in it, and the liquid that oozes from the hole will corrode 
the deposit. Copper—or brass—plated work may be completely spoiled 
in consequence. In the case of nickel-plated work, such as cycle and 
motor goods, it is of importance to dry it well. If such work is packed 
(for dispatch abroad, say) before it is properly dry, it will in all probability 
be rusty before it arrives at its destination. I'he remedy for “ spotting 
out ” is, unfortunately, not the same in aU ca.ses. The following is a 
method adopted by the writer, and, in many cases, with considerable 
success. To take an example—it was'necessary to deposhm heavy coat 
of brass on motor parts, some of which were castings that were made 
of very bad and porous metal. The plated godds were removed from 
the plating solution, and first treated as above described. They were 
|hen immersed in a hot solution of oxalic acid, containing about 6 oz. 
of the acid <iissolved in I gallon of water. They were left immersed 
foe half an hour, swilled in hot water, and then placed in a hot-air oven. 
In most cases this method was successful. The hot oxalic acid solution 
does not seem to attack either deposited brass or copper; but it does 
attack the cyanide in the pores of the metal, and destroys it. Hot 
solution of boracic or of acetic acids have been used for the same purpose; 
but bdracic acid was found less efficient, and acetic acid was found to 
stain the deposited metals. Where the base metal upon which the 
deposit is formed is copper or brass, a dilute (6% by vol.) solution of 
pure sulphuric acid may be used : this solution must be used cold—^not 
hot. Moreover, it must never be employed where the base metal is iron 
or steel. 


• See refertiices at the end of this chapter. 
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THE “FINISHING” PROCESS 

Electro-deposits are usually dull in aspect, and possess little or no 
metallic lustre. The process of producing the appearance which the 
goods have when they come on to the maike# is called “ finishing.” ^ 
This is effected by means oi“ mo{^ ” and#' compos.” A mop consists 
of a number of circular pieces of linen or calico, fastened together by a 
leather centre. Sometimes the l^^ees arj stitehed together, sometimes 
they are open. Compfls consist o^ (i)^npishmg material, for example, 
tripoli, lime, or rouge; and (ii) a bmd(f|^ which jfay be stearin, wax, or 
other like material, and which alsl acts as a fcbricant. Compos are 
ustally put up in the form of bars,%vhich are about half the size of an 
ordinary brick. Tb “ finish ” an article, the mop (of convenient diameter) 
is set,on the threaded end of a spindle which can be rotated by means 
of a belt or motor, the bar of compo to be used is pressed against the 
rotating mop in order to supply this with the polishing iSaterial, and the 
depo.sit then polished. When thcipolisli hSs been obtained, it is often 
advisable to bring up the “ colour,” as polishers say, by pressing a bar 
of Vienna Ume or chalk against the rotating mop, and then lightly mopping 
the deposit again. This‘removes some of the grease, and gives a fresh 
affpeffrance to the deposit. Several points are noteworthy in connection 
with “ finishing.” (i) The peripheral speed of the mop is important. 
This depends upon both the R.P.M. of the spindle and the diameter of the 
mop. The lower the speed, the longer an article will take to finish, and 
thus the lower the output will be. On the other hand, if the speed be 
too great, too much of the deposit will be removed, a*id a sufficiently 
thick deposit may become too thin, (ii) A compo containing an abrasive 
should not be used to finish soft metals. The result would be both poor 
“ finish ” and waste. Tripoli is an abrasive, and should not be employed 
with such metals as copper or brass, (iii) It is important that the melting 
point of the s#^rin used in the compo should not be too high ; if it is, 
the mop will become clogged. The materials to use in any given case is 
really a matter of judgment. In the case of a nickel deposit, for instance, 
if the deposit is hard and rough, tripoli compo will have to be used, fol-, 
lowed by lime (Vienna lime) compo, while a soft, smooth deposit can be» 
“ finished ” with lime. • 

the process of “ finishing ” or, indeed, of polishing in general, has not, 
BO far as the writer is aware, been subjected to scientific investigation. 
But the operation of polishing pieces of metal for subsequent etching and 
study of its structure has been very carefully studied by Sir G. T. Beilby.® 
Beilby has shown that in this case the operation of polishing produces an 
amorphous film on the surface of the metal. (Of. Fig. 30, post.)' Dr. 
Rosenhain says: ® “ Now when a surface is subjected to the action 
of a polishing disc’fed with a suitable polishing powder, the flowing 

^ Or soiietimes ** buffing,” or again, ” mopping.” • 

* Proc. JRoy. 8^c., 1903, vol. Ixxii.; 1906, vol. bexvi. ; 1907, vol. Ixxix; and 1909, 
vol. Ixxxii. Also 8lran9. Far. Soc,, 1904, and Jour. ItisJ 1911, vol. vi. p. ^ 

*8tuAyrt>f Physioal Metalliggy, 1914, pp. 26 and 26 (floatable). 
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action b^mes intensified and the abrasive or catting action either 
ceases entirely or at all events becomes relatively unimportant. Thus 
the action of a true polishing process is entirely difierent from that of 
grinding, in that the polishing process merely causes the surface layer 
of'metal to assume a temporary mobility so'that it becomes free to' 
assume the smooth surfac?^ typical of a liquid under the influence of 
surface tension. The polishing pr<»cess gwes this temporary mobility 
to the metal partly by the pvrely mechani^l disturbance of the surface 
molecules, owing to the intinute cfcnjfaot vmich is established by means 
of the extremely fipely-divicbd polishing po^er. But* where such 
mechanical action is cBiefly reliedony-os it is in these cases, where polishing 
is done at very high s^ds, as in •oilinary ‘ buffing ’—the result is what 
may be termed a ‘ burnishing ’ ol the surface. The metal is simfily 
smeared forcibly all over the surface, and although a MriUiant appearance 
results, the attempt to use such a surface for metallographic work fails, 
because on etching, when the outer skin of metal is dissolved away in 
order to reveaf'the structure of the mass, the old irregularities make 
their presence felt to such &n extend as to render the surface useless.” 
These remarks of Dr. Rosenhain contain practically all that is knowi^of 
the scientific foundations upon which the art of “ finishing ” or “ buffing,” 
as it is sometimes called, rests. 


PRACTICAL NOTES 

1. Dips (except the hydrofluoric acid one) must be contained in 
earthenware vessels, provided with covers. Hydrofluoric acid should be 
contained in a lead-lined vessel. 

2. The “ akey ” .should be made up from its components to suit the 
metal to be treated. It is to be remembered that the nitric acid is the 
active agent in “ akey ” : *the sulphuric acid acts as a diluent or moderator, 
as does the nitrogen of the atmosph“ere in relation to thh action of the 
oxygen. 

3. All dips and the electro-cleaner (or electro-pickle) should be placed 
,and used in a well-ventilated place, and provision made to carry ofi fumes, 
c Short circuits or sparking must be avoided as much as possible when 

working an fclectric cleaner (or pickle); the hydrogen evolved forms with 
iLe oxygen of the air an explosive mixture. 

4. The solutions need not be of the precise strengths given in the 

Table. These are merely indicative and general. The actual strength 
to use depends upon the conditions, such as class of work, metal, 
and so on: it must be left largely to the discretion and experience 
of tEe operator. Similarly for the specific gravities of the .acids 
employed. *' 

6. At intervals during the removal of surface ^materials the work 
should be removed from the dip or cleaner, and scoured with pumice 
or sand. TBis removes loose material, and hastens matters. * 

6. Nothing should be suspended in the electro-clever (or pickle) 
unlels the knSe-switch in*the circuit is “ in.” The insertion oLthe work 
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TABLE I 


Methods of CMAuraa Work 


Mathhiai. to be Removed. 

Method op RemoVdtg it. 

Chemical. ^ 

Electro-Chemical. 

1 Scale 

(from iron). 

• t 

“ Pickle ” ilflhiid solution : 

(i) I4Cl-.-5to 10%(by^'ol.) ' 
8p. gr. (o\ac*l useps 1*^ 

(ii) H.^S 04 ... 10 %{b 7 /ol) 

Sp. gr. (of acid u = 1 *84. 

Use Heed’s solution {vide 
text). 

2. Bcst 
* (from iron). 

► 

Dip in acid s&uCion. 

The same /dutions ns in 
case 1 may bt* used. 

Iriie ordinary electro-cleaner 

1 employed for removing 
grease will often be found 
useful for removing slight 
met. 

3. Oxide or tarnish 

(from copper and brass). 

Dip in : 

(i) Cyanide solution 

iCCN.. .4 to 8 oz. 1 caL 
or NaCN. 

(ii) What is called “ akey,” 

i.f., a mixture of 
impure sulphuric and 
nitric acids, coritain- 
ing brown oxides of 
nitrogen. 


4. Sand. 

“ Pickle ” in aedd solution : 

(i) Solutions as in 1 may 

elTect the removal. 

(ii) HF...6 parts acid and 

95 water, contained 
in a lead -lined vessel. 


6. Grease. 

Boil in I’oTASH : use, if 
|K)ssible. AmiiCRioAN Brown 
Potash : 4 to 12 oz./gal. 

The proper strength to 
use varies with the metal 
to be eleancKl. Brass and 
copper require a weaker 
solution tlian iron and steel. 
Too strong a potash solu¬ 
tion will stain brass or 
copper. Employ tlie solu¬ 
tion at as nearly boiling as 
may N.B. — As far as 

possiole, avoid the employ¬ 
ment of all substitutes 
for potash. This substance 
is the best of all for remov¬ 
ing grease and the like. 

Use: 

(i) A solution containing 
KOH orNaOH) ...4oz. 
K(.!N(orNaCN)...3oz. 
to a gallon of water. 

(ii) A strong current (of 
any value) — with the article 
to be cleaned as Cathode. 

(iii) CARBclk Anodes.^ 
Sometimes the positive lead* 
is connected to the tank 
which then becomes anode. 
This is Imd practice, since 
iron anodes are soluble in 
alkaline solutions. 

(iv) Heavy cable leads 
to tank, and suspending 
wire of a gauge sufficient 
to carry the current with¬ 
out heating. 


‘ Both Ihe and HCl should be free of afsenic. Cf. 0. W. Storey, Sfel. o«d Che/n. 

Sng., 1913, toI. p. 46. The effect of arsenic is to retard the action of the acid. 

•Those made i hard Acheson graphite are the best^to use. They can be obt^ned 
cut to any«ize required. A mod size is 2 ft. x 9 in. x | in. , 
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shauld cpmplete the circuit. This prevents chemical attack on the 
article by the material contained in the solution—a very important matter 
in many cases. 
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IRON,/ 

O NE efieot of the stem neoe#n|ei of war-1|me conditions was to 
stimulate and promote scientiac investigalion and research. The 
value of such inqlliry was, perforce, recognized; and as a result, both 
pure and applied science have largely progressed. Among other branches 
of applied science to benefit is electro-metallurgy in genital and electro¬ 
deposition in particular, and in this latter field the use of electrolytic 
iron and the application of the deposition process in the case of that 
matal have made marked extension and progress. 


USES AND APPLICATIONS 


The uses to which electrolytic iron and the electro-deposition process 
for iron have been and can be applied in engineering have been recently 
pointed out elsewhere ^ by the writer, and the general conditions upon 
which the future industrial progress depends have been summarized.^ 
These wiU, therefore, be but briefly enumerated here. The chief uses to 
which electrolytic iron has been hitherto put are (1) its employment ai 
the material for the manufacture of parts of electrical *machines, anc 
(2) its use as the raw material for investigaticihs into the physical anc 
chemical proptJtties of pure iron.* The process of electro-depositinj 
iron has been employed for the following purposes : (1) “ Steel-facing,’ 
by which is meant the deposition of a thin layer of iron upon surfacei 
to be printed from. The purpose in this case is to impose a hard surfaci 
layer upon the softer material of the printing block {which is often copper) 
and thus, by securing a better wearing surface, enable a ftmch large; 
number of true copies to be obtained. (2) The production of electrotjfpd 
in substitution for those produced from copper. The process of depositioi 
suitable for this work was wor|jed out by M. H. von Jacobi and E. Klein, 
and^t was extended and improved by S. Maximowitsch. It is interestinj 
to recaU that the following notice of this process appeared in the Atliencmri 
pubiiAed on May 4,1869: “ While M. Daguerre and Mr. Fox Talbo 
have neen dipping their pencils in the solar spectrum, and astonishinj 
us with their inveiftions” (which were connected with photography] 

» Tht Bngineer, Oct. 8,1920. * Tie Ekarician, Not. 6,1920. 

•Vide Bull, de TAead. Imper. dee Sei. de St. Peterebourg, 1869, vol. jdfl. p. 40j Bri 
Auoc. Bep., 1869»p. 67 j W. BobertB-Austen, Jour. IrOn and Steel Inst., 1887, No, 1 
p. 71 ; and S. Hammowitaob, Zeit. f. Elektrociem., 1906, toL ii. pp. 62 and 91. C4 ale 
F. Haber, Setl. /. Ekktrochem.. 1898, vol. iv. p. 410. 
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“ it appears that Professor Jacobi, at St. Petersburg, has also made a 
discovery which promises to be of little less importance to the arts. He 
has found a method—if we understand our informant rightly—of con¬ 
verting any line, however fine, engraved on copper, into a refief by galvanic 
process. The Emperor of Russia has placed at the professor’s disposal* 
funds to enable him to ^5oAplete his discovery.” The process was used 
continuously at the Government piinting-^ress in St. Petersburg from 
the time of its invention until-t-at am rate—the recent Russian revolution. 
It was also used at the Gcr ynment pr<ss in Vieima. (3) For the following 
engineering purposes \ Thh'fon^tion of “ steel ’’^driving bands on shells ; 
the building up of warn and undergauge parts of aeroplanes; lining 
aeroplane engine cyliniers ; the <(»mation of bushes on ball races 
other parts; coating steel tubes ; and many others, including the manu¬ 
facture of sheets and tubes..^ * 

A few remarks upon the above-mentioned uses and applications of 
electrol 3 rtic irop will be in place here. In the first place, it may be at 
once said that where the expression “ steel ” is used in connection with 
electro-deposited iron, the use of the word is unwarranted and apt to 
be misleading. Steel has never been electro-deposited ; tentative trkls 
have been made to that end, but only iron admixed with a percentage 
of carbon was obtained. Next, it may be remarked that the ob|ect the 
deposited metal has to subserve renders it necessary to study its pro¬ 
perties closely; and, since these vary according to the conditions of 
deposition, the control of these is imperative. The object of the depositor 
should be to obtain iron possessing certain pre-determined properties, 
and he must not be content with merely the deposition of iron. And, 
thirdly, since the margin within which the process can be carried out 
economically is narrow, the question of cost must always be kept in mind, 
and the waste usually associated with electro-deposition processes rigidly 
avoided. 


PROPERTIES 

« 

Electrolytic iron is, almost always, of a fine light grey colour. If it 
is dark in colour it will almost certainly possess properties, such as 
brittleness, for instance, which are, in nearly all cases, undesirable. 
The deposited metal may or may not be pure : it may contain hydrogen, 
darbon, sulphur, and other elements in greater or less extent. Further, 
it may be hard or soft, brittle or tough, sound or unsound as regards 
cracks and crevices, of uniform or various structure, both in one and the 
same sample, and from specimen to specimen. All those propetties 
depend upon the conditions under which the iron is deposited : they have 
been considered by the writer elsewhere.* The thermal properties x? the 
metal are of considerable importance to the engineer. Its cryst^izing 
(or re-crystallizing) properties on heating have been carefully studied by 
Professor H^^C. H. Carpenter and Dr. J. E. Stead.® These authors rem|||ii 

* h. Guillet, Jmr. Iron and Sled Inst., 1914, No. 2, p. 66. 

* Vide Jour. Ironand Steel Inst., 1920, No. i, p. 321. ^ 

* Jtyur. Ironfitid Steel Inst., 1913, No, 2, p, li9. 
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that the orystallkm^ properties of electrolytic iron are of great, scientific 
interest, for in certain respects they are precisely the opposite of those 
of very nuld steel and wrought iron. It may be added that these crystal¬ 
lizing properties are also of considerable importance. As typical of the 
•difference referred to by'Stead and Carpenter, the following comparison 
is given; “ The very heat treatment that pra|9u6es coarse crystals in the 
electro-deposited irons refine^ wrought iron and very mild steel that have 
been rendered coarsely crystalline by ‘ clo^-annealing ’ between 7Q0° C. 
and 800° C. On the other hand, anrAalin* at "00° 0. to 800° C. has no 
efiect in coaiSening the Structure of the^ctro-dejpsited iron which has 
been refined by cold mechanical work. In th«e respects, therefore, 

, the behavio^ of electro-deposited ,t»b is precisay the opposite of that 
of wrought iron and mild steel. TheTe-crystallimtion phenomena of the 
pure electro-deposfted iron can be most satisfactorily explained on the 
assumption that at Ar3 the iron changes direct from the y to the a 
condition.” * This matter of the peculiarities shown by ^lectrolytic iron 
upon heat-treatment is of technical importance to the engineer, because 
it will be found to be often necesswy to hellt-treat the deposited metal 
after deposition if it is to be of real service for engineering purposes. 
It is, therefore, necessary to know what the effect of heat-treatment is, 
an d ho w the result of suTsh treatment compares with that obtained in 
th^BRses of other irons and steel. In connection with annealing, the 
recently published work of J. Cournot may be mentioned. As has been 
already stated, electrolytic iron may contain hydrogen ; it will often be 
necessary to get rid of this impurity, for the presence of the gas in the 
metal may well give rise to a modification of its properties. Cournot 
has shown ® that the time necessary for complete anneading varies with 
the temperature employed, if, indeed, one makes the assumptions he does 
that (1) the gas forms a hydride with the iron—a hydride easily disclosed 
by the microscope—and that the presence of this constituent is associated 
by an increase of hardness in the deposited mStal. The present writer 
does not knoT^of anything in the lifTeraturc of electro-deposited iron that 
proves beyond doubt either that the included hydrogen forms a hydride 
with the iron or that hardness is the result of the inclusion of the gas ; 
it is quite certain that the microscope does not disclose anything in the , 
nature of a hydride. The writer is, therefore, not prepared to accept 
Cournot’s assumptions as justifiable; ‘but while that is sd, Cournot’s 
work shows that the annealing of electrolytic iron is not the simple matte? 
it is usually supposed to be, and the hardness of the metal will vary with 
the length and temperature qf the annealing to which it is subjected. 
Another property of electrol 3 ri;ic iron that may well be of great importance 
is its amenability to “ case-hardening.” This property has, up to the 
presant, been but very casually studied, and no very reliable data are 
avail^e. A paper by W. A. Macfadyen,“ though not of much importance 
in other respects, dbntains some interesting and, it is believed, new 
observations with regard to the results obtained when electrolytic iron 
wSftse-hsftdened. He found that if iron was deposited upon t steel base, 

• Op. cii. at Pf. IH and 145. ’ Compt. reM., 1920, vol. obai. p. 170^ 

• Traim. Far. Soc., 1920, vol. xv. p. 98. 
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e.g., a steel tube, and the whole then annealed at a temperature above 
900° C. for a short period, case-hardened at 800° 0., and slowlj cooled, 
the dividing line between deposit and base metal disappeared, and that 
there was no break in continuity between the two. Macfadyen’s experi¬ 
ment is indicative only, it is true, and its indication is negative rather' 
than positive. It shows'thW deposited iron can be subjected to “ heating 
in a nitrogenous carburizing mixtures” at the temperature stated, without 
harmful results occurring. He does not seem clear as to the objects 
to be obtained by case-hardenmg, ahd he gives no.comparisons as between 
the Brinell or other hardness ohhhe treated and untreated mStal. Indeed, 
he previously states mat heatmg at 950° C, for two hours is of itself 
sufficient to cause an Literlocking hi the grains of the deposited me^l 
with those of the steerbase. Alter such treatment “ the dividmg line 
was obliterated, its former position being marked by ‘a wide, shady area 
between lighter deposit and darker basis metal.” The importanh'point 
to be noted is^that, by the application of the ordinary heat-treatment 
processes, the sharp dividmg line that always exists between deposit 
and base metal can be eliminated. Tke electrical and magnetic properties 
of electro-deposited iron cannot be discussed here: references wiUtbe 
found in the note * to some important literature on these properties. 


ELECTRO-DEPOSITION OF IRON 

The number of solutions (or baths) that have been proposed for the 
deposition of iron is very great. But the number of these that are of 
any real use is‘-very small. 'With few exceptions, iron baths may be 
divided into two classes, namely. Chloride baths, or those based upon 
chlorides of iron, and Sulphate baths, or those based upon the sulphates. 
One of each class will be considered here : they both belong to the small 
numbw already referred to, and both have been put to practical workshop 
test. 

I. The Ferrous Calcium Chloride Bath 

^ This solution has proved itself of great worth in the workshop for 
depositing iron for a large number of purposes. It has been subjected 
to a thorough investigation by tke writer.® 

(a) Composition and Electrode Reactions 

The ferrous calcium chloride bath is composed of: 

Ferrous chloride, 450 gms. (16 oz.). 

Calcium chloride (anhyd.), 500 gms. (18 oz.), 
and 

Water, 750 c.o. (J-gal.). 

* C. F. Burgess and A. H. Taylor, EUcirochm. and Ma. Ind., 1906, voL iv. p. 208; 

C. F. Burges^nd J. Aston, ibid., 1910, toI. Tiii. p. 191; L. Guillet, Jonr. Irtm and Steel 
Inet, lOU, Ko. 2, p. 66; B. Kenmann, StahL n. Eisen, 1914, roL zzxiT. p. 1637; and 
0. Dnisberg, Internai. Cong, of App. Chem., 1912, toL zzTiii. p. 60f See also Zeit. f. 
Elehtoekem., 1909, Tol ZT. p. $95. * 

• See W. E. Hughes, Brees World, 1922, toI. zviii. p. 2pi. 
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(i) Composition. Ferric chloride (ordinary percUoride of iron) may 
be substituted for the ferrous salt, if it is more convenient to use the 
lormer. But, in this case, it will be necessary to reduce the ferric iron 
bo the ferrous condition, since solutions of ferric iron do not yield a deposit 
jf metallic iron. This.can be done thus; Add to the solution about 
oz. of pure hydrochloric acid to each aallpB .of the bath; suspend 
'rom the cathode rod as many and as lar^ pilces of scrap iron as possible; 
»nd pass as much current as'possibR tMtigh the solution. The fydrogen 
jas liberated at the cathoifbs will ^ptafcf^the ferric iron to the ferrous 
jtate. The,passage oithe current shonJi be contmued until a drop of 
She solution removed on a clesn.'glassT^od falls produce a dark blue 
precipitate when introduced ipto dilute ^’/Ojion of potassium ferro- 
jyanide (yellow prussiate of potwh) contamj^ in a glass test-tube. 
The following substances may be used instead of calcium chloride; if it is 
more convenient: common salt, aluminium chloride, or magnesium 
shloflde. The writer’s experience is that common salt is quite a good 
substitute for the calcium salt; but, for preference, thi# should be used, 
if possible. 

(:i) Reaction.^. It has been state’d in a former chapter that the reactions 
Ptcurring at the anode and cathode, while a bath is being electrolyzed, 
Aould be known as far as may be. By this means only can a really 
gi^d sontrol of the working of a solution be maintained. If the remarks 
made before be referred to or remembered, it will be seen that the double 
chloride of iron solution complies with the requisites of a good solution 
in this respect, namely, it is simple in composition. Nevertheless, it is 
the fact that the electrode reactions occurring during the electrolysis 
of the solution have never, so far as the writer is awjre, been worked 
out scientifically. In the absence of strictly accurate data, one must, 
therefore, have recourse to the lessons and observations of practical 
experience. In the first place, it soon becomes evident from workshop 
experience that the anodes dissolve well; and, further, rough calculations 
have convin^d the writer that, working at current densities round abont 
120 amp./ft.^,*the cathode efficiency is about 95 per cent. A current 
density of 20 amp./ft.% can produce, as the maximum, a thickness of 
0-001" per hour from an iron (ferrous) solution. Time after time the 
writer has obtained, from the double chloride bath, a thickness of 0-006* 
in one hour, working at 100 amp./ft.^ Next, bearing the foregoing facts" 
in mind, one may be sure that the mam reaction at the cathode is libei^- 
tion of metal (iron). Some hydrogen is liberated, but the amount in 
weight must be very small. Looking to the anode side, the fact that 
the anodes dissolve so freely-proves that the bath must be getting metal 
from them readily. The solution of the anodes is, no doubt, due to libera¬ 
tion of chlorine at their surfaces. The presence of chlorine in the<«.node 
regit® can easily be shown by chemical tests. Thus, simple observation 
shows that the majn reactions of the bath are liberation of iron at the 
cathode and of chlorine at the anode. But it is not, in the absence of 
soientifift proof, at aU certain that these “ end ” reactions, a%they may be 
calledr are no(j the results—^the algebraic sunas, so to say—of other and 
more complex^eaotions. Indeed, there is very good reason for believing 
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that they are; but to discuss the grounds for this statement would lead' 
us far beyond the purpose of this book. If the “ end ” reactions be kept 
in mind, it will be sufficirait, for control purposes, if these be considered 
to be the result of discharge of‘ferrous and chlorine ions at the cathode 
and anode respectively, fflie electrolytic r61e of the calcium chloride is 
thus undetermined; and it may for practical purposes remain so. One 
function of the calcium sail, may, however, be noted, namely, that the 
addition of this substance prevents ready alteration’ of the electrolyte/ 
at higher temperatures, whetlijer by^evaporaiion or oxidation.” ^ 

V>) CondMons of Deposkion 

The most suitable witrking conditions have shown themselves to be as 
follows; Current density, 90 to 120 amp./ft.* This rpquires an E.M.F. 
of about 1 volt for an electrode distance of about 8". Temperature, 
90° to 110° C. Anodes, Swedish Iron anodes are the best to usfe. If 
sheet steel is used for anodes, a material as low in carbon as can be 
obtained should be employed, since the carbon, derived from the solution 
of the anodes, being exceedingly fiile-grained, will float about in the 
solution and become incorporated to some extent in the deposit, forming 
an impurity in it. Carbon may give rise to other troubles also. It should, 
therefore, be avoided as far as possible. 

(c) Observations on Working Conditions 

One great advantage of the ferrous calcium chloride bath is that its 
working limits are wide. This fact goes far towards making the bath 
“ fool-proof.” It is advisable,' in order to secure the best results, to keep 
fairly close to the conditions given above. The temperature must not 
be allowed to fall below 80° C., since at temperatures much below this- 
the deposit obtained is unsatisfactory. The current density employed 
may be anything up to ^00 amp./ft,® A current density of this value 
will give an average thickness of deposit of between 0 009" and 0-01" 
per hour. Though this is so, yet it may be inadvisable to work at so fast 
a rate. The internal structure of the deposit depends upon the conditions 
.that obtain during the deposition : the structure of a deposit obtained 
at 100 amp./ft.® will be different from that of one formed at 200 amp./ft.® 
Temperature is another factor tlfet affects the structure of the deposit. 
The following sequence of changes occurs in the microscopic aspect of 
the deposit as the temperature rises from room temperature to above 
90° C.: Very dark, bright, and hard, up to a temperature of about 36° C.; 
from this on, the deposit becomes lighter in colour, but remains bright 
and tard, then, as the temperature continues to rise, it becomes gradually 
more and more pale grey and less and less bright and hard; y^Jove 
80° to 90° C., the deposit is light grey, matt or finely crystalline, and 
soft in aspect. It has to bexemembered that macroscopic and microscopic 
features con^spond generally; hence, there will be corresponding changes 

^ Eng. Fat. Nos. 34,841 (1909) and No. 26,969 (1910). For a disoussion on the properties 
of iro^ £poi»ted from the aoubl^ phloride bath, see 8iahl v. Eiaerif 19iC, pp. 801 to 806. 
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'in the internal stracture of the deposit as the temperature rises. It will,. 
therefore, bo seen that, although the difierenoe of temperature, 90° to 
110° C., and variations of current density of some few amperes per square 
foot about the mean current density 120 amp./ft.®, will not make any 
great difierence, the conditions given above should be approximately 
adhered to in general. Another working con^tjpn that is of considerable 
importance has npt yet been referred to. SHould movement be employed 
in the case of this bath ? The adfhntages of movement (of. solution or 
cathodes) have been point#! out % th<i general case in the previous 
chapter. The principal reason why movement should be employed in 
the case of the ferrous calcium chloride'iKath is ejected with structure. 
If two deposits be formed under the condition? above given, and the 
current density and temperature aA the same j|n both cases, then, if in 
the one case the cathode be moved during the deposition, the deposit 
in this case will be matt, while in the case of the other deposit (where 
there*was no movement) it will be seen to be crystalline (cf. Fig. 2). 
Rod movement is the best kind to adopt in the case ofrfhis bath. 

II. The Sulphate Bath 

• 

A great many baths founded upon sulphate of iron have been pro¬ 
posed. Each is considered to be the best by its “ inventor.” Many of 
them have been patented, though few would satisfy a Court of Law that 
they contained good subject-matter. The element of novelty is usually 
conspicuous by its absence. A knowledge of the requirements of a good 
solution for depositing metals enables one quite easily to build up a 
bath suitable for the deposition of iron from the sulphates. The bath 
proposed by Dr. Schlotter^ may serve many purposes.* 

(o) Composition and Electrode Reactions 

(i) Composition. Schlotter’s solution contains : 

“Acid ” ferrouseulphate, 160 grms. 

Sodium sulphate, 100 grms. 
and • 

Water, 1 litre. 

No light is thrown upon what is meant by acid ferrous sulphate by 
the chemical text-books. Any such special salt (if one exists) is npt 
an ordinary article of commerce, and would certainly be expensive. 
It may safely be said that ordinary “ green vitriol ” can be used. The 
use of sodium sulphate may* be advisable on several grounds. One of 
these is that it will perform the function of a “ conducting salt ” ; another 
is that, at the concentration employed, the two salts may combkie to 
lofa^one salt which will give a complex anion containing metal (iron) 
as a component.®. It is well known that solutions containing such 

• Ger. ftt. Ko. 30W71 (1.12.17). , 

*On (Se subject ol “complex ions,” wbich the writer believes to a consider- 
able r6b in the raaotion of depositing solutions, the reader will do well to consult R. A. 
l^hfeldt’s Ekciro^chemiilnft 1^4, p. 133. (Longmans:)* • 
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complex anions often give better deposits than solutions containing 
only simple ions. The silver, copper cyanide, and nickel ammonium 
sulphate baths are examples. .The double salt of sodium and iron is, 
probably, more soluble than the double sulphate of iron and ammonium, 
and hence the solution can contain a higher metal content. None the ^ 
less, it has been shown many times that where the solution is worked at 
a high temperature (as in Kohlotter’s) the ammonium salt serves quite 
well. And again, so long as the metaS content is high, the precise amount 
of iron salt used is immaterisC. Sohlotter ^ates that the bath is to be 
maintained slightly acid. Herein lies one of the difficulties of working 
sulphate baths. Thej^^ust be'tept slightly acid if the best results are 
to be obtained from them ; but the^cidity must be slight only, and the 
difficulty is to maintainTthe proper degree of acidity. As will be shoiTn 
later, acid very markedly affects the structure of iro*. deposits; more¬ 
over, any considerable acidity causes liberation of hydrogen, an^ thus 
leads to lower cathode efficiency. The point of special note is that cmy 
sulphate bath ifirade up on the lines of Schlotter’s solution, one, that is, 
that is built up with the requisites of,a good depositing solution in mind 
(high metal content, few kinds of ions, conductivity, and so on), will 
give good results. 

(ii) Beaclions. The same general remark that was made above with 
regard to the reactions of the ferrous chloride bath apply hetfe wfco. 
No scientific work has been done upon it,^ and, therefore, one has to 
use observations and experience for the purpose of exercising control. 
Here, too, there is but little hydrogen evolution at the cathode: the 
main reaction is separation of iron. At the anode the reaction is 
mainly solution ,of the iron or steel of which this consists, for there is 
very little evolution of gas (oxygen), and the anodes dissolve well. 
Some functions of the sodium sulphate have already been mentioned. 
If the bath is, made slightly acid (this time with sulphuric acid), 
the anode efficiency will increase, but the cathode efficiency will decrease 
because more hydrogen will be evoh ed. A. Pfaff * maiptains that the 
sulphate bath should have an acidity of 0-01N, if the deposition is to be 
long continued and the deposit is to remain smocJth. The writer’s experi¬ 
ence is that much less acid is necessary, unless one wishes to secure 
'bnusually thick deposits—greater, that is to say, than some O-Ol' to 
0016". 

(b) Conditions of Deposition 

It seems to be generally agreed that the sulphate bath must be worked 
at a raised temperature. C. P. Burgess‘and C. Hambuechen state® 
that they work at 30° C. A. Pfaff gives 70° C. as the temperature at 
whiclf he obtained the best results. It is certain that if it is desi^.to 
use high,current densities the temperature must be at least asrlugh 
as 60° to 70° C. The wjriter has used the following conditions with 

^ Oo, that is, what may be called “ double ” sulphate baths. But ci A. Buss and A. 
Bogomolny, Zect.f. Elektrochem., 1906, voL xii. p. 697. 

• Ztit. f. Elektrochem., 1910, vol. xvi. p. 217. , 

* Electrochem. Industry, 1904, voL ii. p. 184 j Trans. Am. Ekcirechem. Soe., 1904, 

vd. v4 p. 201. < 
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success : Temperature, 70° to 80° C.; Current density, 100 anip./ft*; 
with this current density he has obtained deposits of sound and close- 
grained metal up to thick, and at the'average rate of 4i-thou8andth8 
^ of an inch per hour; Arwdes, Swedish iron. 

(c)- Observaticm on the Workiiy Conditions 

The working limits of tlfe sulph^ bi^h are wide, except in' regard 
to the important ma%r of free acid content. But the sulphate bath 
compares badly with the double chlflside in tkese respects, namely, 
(1) the rate of oxidation of the solution is much^eater (in the absence 
I otconsiderable free acid), and (2) tUs fate of ev^oration is greater also. 
The latter defect^ especially harmful, since it is frequently necessary 
to add water to the solution, and this causes both a temperature drop 
and, fliore important still, the sludge at the bottom of the vat to be stirred 
up. For work on a large scale an automatic water feed hf#to be arranged. 
As regards the employment of movement, the remarks made above in 
regard to the chloride bath apply fb the sulphate solution also. 


-w . GENERAL RULES OF PRACTICE 

It is to be noted that the amount of a substance wliich can be held 
in solution at any temperature is limited. In general, the higher the 
temperature the more solid substance the solution can contain. It 
follows that a solution saturated at a higher temperature will deposit 
salts as the temperature cools. This is the case with hot iron baths, 
and is a source of inconvenience and, sometimes, of trouble. In order 
to prevent as far as possible the precipitation of salts, it is well to adopt 
some such procedure as the following: Wheij work ceSses at the end 
of the day, the heat supply, instead of being shut off, should be reduced 
only, the solution level having first been made up (if necessary) with 
hot water. At week-ends and before holidays such procedure would be 
too costly. In the case of the chloride baths there will be no difficulty 
in breaking up and re-dissolving the cake of salts which separates ; but* 
in the case of sulphate baths there will be more difficulty, since sulphates 
of iron are much less soluble than chlorides. In this case there is nothirig 
else to be done except to maintain a small heat supply over the week-end 
or holiday, or to use a less-concentrated bath. This is a matter of cost 
and convenience, and has t» be settled, in each case, in the light of 
working experience. A rule of practice which should be observed in 
the case of iron baths, and especially in the case of those that are main- 
taihCd acid, is that the anodes should be removed from the solutions 
when work ceases; .they should be well scoured and then dried. Another 
rule of practice, of general application, is one that should be observed 
very cargfully in iron deposition. It is this : when once deposition has 
begun, the article receiving the deposit must not be removed from the 
solution, whether “ to see how it is getting on. ’’ or for any other purpose. 
Every time that is don^the continuity of the deposit is broken: every 
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such discontinuity can be seen on the polished and etched surface of tlie 
deposit. It is marked by a line (as seen in Fig. 12), and it may ea^y 
become the locus of fracture. For a similar reason the current mnst 
not be cut oS during the deposition. And again, if movement is employed, 
this must be continued throughout the whole period: any stoj^page of 
the movement can be seen ili a polished and etched surface be examined 
(Fig. 13). There will be a change in fetructute, resulting.from the change 
in conditions of deposition, namely,potion to no motion. 


STRUfJTURE OFpON DEPOSITS 

(a) Macroscopic. The appearance of a deposit should be light grey 
in colour, and it should be smooth. There should be little or no outgrowth 
at edges and comers. It should be either matt or very minutely crys&Uine 
to the naked e}^: if it is bright and metallic, without visible structure, 
the deposit will be hard, but brittle. If the colour is dark and the deposit 
has, apparently, no structure, too much current has been used: excessive 
current is also proved by a powdery deposit, especially on corners afid 
edges. Where an acid solution is employed, the deposit will be bright 
and hard-looking, but light grey if too much acid is present in the haith. 
If no means of movement is adopted, the macroscopic aspect will be, 
under normal conditions, crystalline, and the higher the current density 
employed, the more coarsely crystalline the deposit will appear. If 
movement is used, then, if the deposit looks crystalline to the eye, one 
can be pretty syre that the ^etal content is too low for the currenfr 
density used: in this case, either more metal must be added or the 
current density lowered. 

(b) Microscc^. As with all electro-deposits, so with deposited iron, 
macroscopic features and^croscopic stractures are correlated. A matt 
or bright deposit will be fibrous within: it will look as though it consists 
of thin threads or fibres. Acid and movement, each of'them, will give 
rise to such an internal structure. If the deposit is crystalline to look at, 
the internal structure will be more or less coarse. It will consist, not of 
■threads or fibres, but of grains which grow wider from within (near the 
base metal, that is) outwards. The more coarsely crystalline the deposit 
^j^TS to the eye to be, the larger the grains of which it consists 
Wm be seen to be if a polished and etched section be examined under 
the microscope. 

Figs. 2 and 3 (Chapter II.) make quite cJear the difference between the 
fibrous and the so-called “ normalstructures, the latter being that 
corresponding to a crystalline surface. Fig. 4 of the same ch^ter and 
Fig. 8 of Chapter III., also show the internal structure correspondif^ to 
a coarsely crykalline surface. . 

It is very clear from tlie illustrations in this chapter that a deposit 
that is fibn^ rfiroughout its thickness is more homogeneous in atructure 
than an^ “ normal ” rtaructure can be. Where homogeii^lry is i^iared, 
preoiiutic^ must ^ taken-to adopt the depontion dondltiohs 4iat will 
produce it. At the same time it has to be rem^hned that a.fibrotl 
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straoture usually connotes brittleness, while a deposit that looks coarsely 
cr^taliine is nearly always morC'cr less malleable. It has also to be 
observed that if a fibrous structure is being produced, and the conditions, 
are changed during the deposition (if, for instance, movement is Btoj)p^, 
or, where acid is used to efieot the fibrous form of structure, the aridity 
becomes too diminished) there will be a phange in the structure. Thus, 
a deposit that is fibrous to begin with may change to one of nom^l type. 

13 shows this change: rit was (^e in this case to stoppage Of move¬ 
ment. Pigs. 14 and illustrate the change—a very sudden one—^from 
normal to fiBrous, caused by the addition of an excess of acid to the bath.^ 
Pig. 15, which is a micrograph of this deposit at higher magnification, 
stows that at the time the acid was^iiltroduced the surface of the deposit 
was covered wit]j idiomorphic crystals of iron. Such a smfaoe would 
have appeared to the naked eye very coarsely crystalline indeed— 
nparSling and brilliant from the light reflected from the faopij. of the 
crystals. The subscripts to Pigs. 16 and 17 indicate i^uficiently what 
they are intended to show. Pig. 17 is especially noteworthy. 

A point that it is particularly Wished to emphasize in connection \rith 
the illustrations of structure given, is that by the study of structure the 
depositor comes to obtaip. a very much greater control over the deposition 
proce^. A correlation of conditions of deposition and structure helps 
one to know of what a deposit really consists and, hence, to some extent, 
what its physical properties are. 


REPERENCBS 

The author’s Eledro-depoailion of Iron (published by H.M. Stationery Office) 
contains, as an Appendix, a list of all the more important work on Electrolytic Iron 
and its Deposition, published before about the middle of June^ 1921. Since that 
time the following papers have appeared: , * 


'f.A. E 


GEREBAL 


Economic Aspects and Possibilities of Electrolytic Iron.” 

Th^^as a paper read before the Amsr . Min, and Melallurg, 80 c,, Sept. 1922. 
B. STOTJOHTOiif—” Commercial Pure Iron And the * Direct Process, Chenitcqf 
Age (Amer. edit.), March 1922. „ m , 

W. E. HuoHits, “Eesearches on the E%ctro-deposition of Iron, Trans. Am. 
Electrochem. 80 c,, 1921, vol. xl. p. 186. 3 

The discussion on this paper contains interesting information. 


APPLICATIONS AND USES 


B. Stoughton.— “ Electrolytic Iron—a Commercial Product,” The Iron Age, 

DsB^Kku-ogg.— “ Electrolytic Deposition of Iron as applied to Building up Worn 
and Uuder-sized Parts.” _ , „ 

This is a paper read before the Atner. Inst, of Min. and MeUumrg. Eng. 

W. E. Huqhis. _“ Building up Worn parts by Electro-deposition,” Chem. and Met, 

Engs, 1922, vol. xxvi. p. 267._ * __ 


1 The writer fcs dealt more fully with the effect of acid in the struct^ 
deposited iron in a paper read at the ordinaiy meeting of the Faraday Sooietja 1922 
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ELECTRO-DEPOSITION 

H. D. Htneunb. —“ Notes on the Electro-deposition of Iron,” Trane. Am. Electro- 
chem. 8oc., 1923. 

This is an excellent paper on the practice of the deposition of Iron. 

C. F. M‘Mahon. —“ The Manufacture of Electrolytic Iron,” Chem. and Met. Eng., 
1922, vol. xxvi. p. 639. 

F. A. Eustis and others.—“ The Art of‘MakinK* Electrolytic Iron,” Amcr. Pat. 
No. 1,412,174, April 11, 1922. 

PROPERTIES 

N. B. Pilling. —“ Effect of Heat Treatment on the Hardness and Microstnicturc 
of Electrolytically-depositcd Iron,’’ Trane. Am. Electrochem. Soc., 1922, vsl. 
xlii. p. 9. 



CHAPT*ER VI 

NICKEt 

»r|3IIEllE are two ideas, widely p])rtiad, in regard to tlie electro- 
J.. deposition of ^nickel tliat are quite erroneous. The one is that the 
covering of an iron or steel article with a deposit of nickel ])reveiits that 
articlefroin rusting, and the other is that nickel cannot be electro-dej^ited 
in layers of more than a very few thousandths of an inch jp. thickness. 

NieJeel deposits in rehtion to rust prevention. Tlie truth is that a 
nickel deposit will only pievent the subjacent iron jor steel) from rusting, 
'•*if sBid so far as it prevents access to it by the atmosphere, tliat is to say, 
in so far as it forms a com|)lete, non-porous covciing over the iron.^ 
If the Layer of nickel is not complete (in the souse in which a coat of paint 
or varnish W'ould be), then the nickel will, in fact, hasten the corrosion 
or rusting of the iron.“ The reason is not far to seek: it may be expressed 
in the following way: When two different metals, in contact, are im¬ 
mersed in an electrolyte, the one will dissolve or oxidize faster than the 
other; the one that dissolves the faster protects, in a measure, the other. 
Electro-metallurgists say that the metal that dissolve* the faster is 
elcctro-])ositive to the other; in Continental w'ritings the former metal 
is called less “ noble ” than the latter. Now, a nickel-iilated cycle crank, 
handle-bar, ammeter cover, or other article, may be regiwded, when in 
use, as two pieces of different metal in contact and immersed in an 
elj^'lrolyte, nifin^ly, in this case, moist air, or, 2 )erha 2 r 8 , more exactly, 
the AquefW»^iu)our cin gained in the atnios 2 )here. This contains — 
always—more ot less carbonic acid gas dissolved in it: it may contain 
other gast;s, for example, carbon monoxide, sul 2 )huretted hydrogen, or 
ozone, and it may contain sodium chloride and other like substances 
which, in solution, form strong electrelytes. In such an electrolyte 
the iron is electro-positive to the nickel; hence, the iron will dissolv# 
where the moist air has access to it, and solution results in oxidation or 
rusting. Access of the air (ai^l its contained moisture) to the iron (or 
steel) is not entirely prevented by the nickel deposit, for this is sufficiently 
porous to allow of it—at any rate when the layer of nickel is no thicker 
than that usually found on a nickel-plated article.® Moreover, very few 
articles of commerce that come into the plating shop 2 >resent a perfectly 
plane, unbroken surface : cast metal, especially, is full of pits and holes, 
and even drawn and polished steel tube is not free from smface defects. 

‘ Vi4e Brass World, 1913, vol. ix. p. 382. 

* M. Le Blanc, Lekrbuch der Elektrochem., 1911, p. 176. 

* Cf. Figs. 10 and 11, Chapter III. 
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Nickel solutions are notoriously poor conductors of electricity; con- < 
sequently, but very little nickel is deposited upon the surfaces within the 
pits or holes, particularly when these are small in cross-section, but great 
in depth. Moisture and oxygen will gain access to the subjacent iron or 
steel by way of those holes, and rusting will result, and proceed faster, 
indeed, than if the nickel were not there.^ It is clear, therefore, that 
nickel-plating does not prevent rusting or cerrosion, except, indeed, where 
the underlying iron is completely covered. Us, of course, it is, or may be, 
over some portions of the total area of the pitted article. And hence 
the use of nickel-plating to serve that end can be only locally effective. 

Thick nickel deposits. The idea that really thick deposits of nickel are 
dififtcult or impossible to obtain ^ has undoubtedly arisen from the fact • 
that, in practice, a solution based upon the use o| nickel ammonium 
sulphate,’ as the metal-containing salt, is commonly employed. It is 
true that, from such a solution, it is difficult to obtain deposits of more 
than a few -thousandths of an inch in thickness. Usually, after this is 
attained, the depo.:i+ strips or splits and peels off the base metal—^the 
iron or steel. By taking great prehautions thicker coats of nickel can 
be obtained ; but, even then, the rate of formation of the deposit is 
slow, because where a solution contains nicktfl ammonium sulphate the 
current density employable is small, and, moreover, the cathode efficiency 
rarely reaches 90 per cent., and it is usually still lower in cases of con¬ 
tinued deposition. If, however, a bath of the composition indicated 
below is employed *—one, that is, that contains no ammonia and, hence, 
no double nickel salts, there is no difficulty at all in obtaining deposits 
of nickel of, within reasonable limits, any desired thickness; and no 
special precautions and special manipulative skill are necessary to obtain 
them. 


PROPERTIES 

Electro-deposited nickel, like electro-deposited iron,‘varies in cola’ ., 
hardness, and its other physical properties, from cample t<> i Jimple. The 
properties possessed by any particular deposit depend upon both the 
. composition of the solution and the conditions of deposition employed 
to form it. It may be brittle or malleable. In colour it may be light 
or dark, blue, grey, yellow, tin-white, and so on.® It is not true to say, 
ks one writer does, that nickel has a silver-white lustre. It may be so 
hard that it is difficult to finish, or so soft that quite a high lustre can 
be produced on its surface by mere rubbdng with the finger or a selvyt 
cloth. It is not easily oxidized or tarnished by the atmosphere, and it 
resists corrosion by other agents to a considerable degree. Indeed, its 

^ l>e Blanc, loe. cit. 

^ Cf. B. Blount, Practical Ehdro-chemiatryy 1906, p. 113. 

* Tills salt is known in the trade as “ double nickel salts ” or “ double salts,’* simply. 

* Namely, Solution 2. A paper on “ Ductile Electrolytic Nickel,’* by C.- P. Madsen, 

Trana, Am. Ehctrochem. Soc.^ 1921, vol. xxxix. p. 483, contains much interesting infor¬ 
mation. \ 

*»Cf. B. Jordis, Die EUktrolyae vx/aariger Mctallaalzloaungen, 1901, p. 60 ; and M. 
Scbldtter, St<^l u. Eiaen, 1/121, vol. xli. p. 293. 
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properties make deposited nickel very serviceable for decorative pur¬ 
poses, wherein lies the principal purpose of its wide application in practice. 
It may be mentioned here that the coating often referred to as “ black 
nickel ” is not nickel at aU. It is an undetermined mixture of nickel 
and other substances—oxides and, perhaps, sulphides of that metal.* 


THE DEFOSlTIOif OF NICKEL 

The reintrbduction by Dr. I.saac Ad*ims of nie.kel-])lating solutions 
made of the double nickel salts or nickel ammonium suljjhate was a 
•great step in advance in the art of nidkel deposition.“ It is not true, 
as is sometimes ajjeged, that Adams originally suggested the use of 
double nickel salts. The credit for this is due. t.o Dr. U. Itottger: “ 
a nickffl solution made from the double salts was employed under Jiosc- 
leur’s direction at a works in Gn.'uelle, France, as early^felSl?)'. Un¬ 
doubtedly serviceable in their time, such solutioijjjjrave, nevertheless, 
had their day, and tlnur use at th<f present time*ls. for most jmrposes, 
T)ad practice. This view has also been (ixpressed most emphatically by 
Prof. 0. P. Watts* ot Wis^'cnsin Univeisity. The only further reference 
that will be made to the double sulphate, ty])c of solution {except, 
perhaps, en passani) will be to make a comparison between .solutions 
of that type and baths of the type that slioidd, nowadays, be installed 
in all up-to-date shops. This will be done at once;, and, for the sake of 
convenience and brevity, be done by way of a tabulation (sec Table 11.). 

In regard to the six matters in respect of which comparison is made 
in the Table, it may be said in general that—modern niclfel baths, based 
on the “ single salt ” (or nickel sulphate), are ; (1) Faster in work and, 
thus, give a greater output, saving space, it may be, thereby ; and (2) 
more economical, because less troublesome to work—to keep in order, 
and to be made to yield satisfactory deposits. ^There is, too, less waste 
(j<(P 0 wer and niitterial. 

One fi?!* W remark igspecting the cathode efficiency of the double 
sulphate soluti^ must be made. It has been claimed that this can be as 
high as 96 per cent.® But the solution uitd by the authors cited in Note 5 
contained nickel chloride in addition trvthe double sulphate. Moreover, 
the deposition was conducted in the Imtoratory and under special con¬ 
ditions : * in this article the author is concerned with Works practice. 

*For tlic composition of “ black nickclling” solutions and the method of working 
them, see J. Haas, MetcU Industry (lA.merican edition), 1021, vol. xix. pp. 23 and 73; 
and for a more scientific investigation of the deposit, see K. Wetsch, Diss. Jlfunc^en, 1010. 
See also G. B. Hogaboom and others, jBwr, Standards, Tech. Pa])cr No. 190. 

* Amcr. Pat. No. 93,157; and vide Trans. Am. Electrochem. Soc., 1906, vol. ix. p. 211. 

® Jour. f. praktische Chemie, vol. xxx. p. 267. 

* “ Some Observations on Nickel-plating Solutions,” Brass World, 1915, vol. xi. p. 33. 

* 0. W. Bennett, H. C. Kenny and R. P. Dugliss, Jour. Phys. Chem., 1914, vol. xviij. 

p. 373; Trans. Am. Electrochem. Soc., 1914, vol. xxv. p. 335. Cf. also, for useful informa¬ 
tion, C. W. Bennett, C. C. Rose, and L. G. Tinkler, Jour. Phys. Chem., 1016, vol xix. 
p. 664. • 

* This remark applies also to the experiments of D. F. Galhane and Q. L. Gammage, 
Jour. Am. Chem. Soc., 1907, vol. xxix. p. 1268, who, however, used a solution of the dc^ble 

^saits nnly. 
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TABLE II 


COHPABISON OF DoDBLB NiCKBL SaLTS AND MODEBN XiCKKL BaTHS 



Double Nickel Holts Solution. 

Modern Nickel Baths. 

Metal Concentration 

Low! Not more than 8 to 12 
oz. of the salts can be (dis¬ 
solved in 1 gal.’^of solution 
at the ordinary/emperatuTC.^ 
As ammonium sulphate accu¬ 
mulates, thQ metal content 
becomes less, since the double 
salt becomes less and less 
soluble in it, abd, consequent¬ 
ly, is precipitated.'’ 

Nickel Ammonium Sulpiiatk 
contains 14 87% Ni (metal). 

High. 3 or 4 lb. of metal 
salts can be easily retained 
in solution at the ordinary 
temperature.^ 

NicxEif Sulphate contains 
20-ll% Ni (metal). ^ 

C. D. . 

3 amp./ft.* (ajiprox.) in a still 
bath. 

Tlic author has used as high 
a CM), ns 20 amp./ft.* 
during long-continued de- 
})ositioD in a adll Iwith. 

Cathode Efficiency . 

Low. Randy as high aw 9d% ; 
usually 70 to 80% in prac¬ 
tice. 

lllGU. The author’s deter¬ 
minations have shown that 
the (.atlioilc efficiency may 
attain 98%. Working with 
a 2(K)-gal. bath, used in a 
plating shop, the efficiency 
was found to be 96*5%. 

Anode Efficiency ^ . 

1 

Low. 

High (oomparativnly). 

Control 

“ The doiil)l(‘ nii kel ammonium 
sulphate electrolytes must be 
carefully watched during 
operation to ensure satia- 
faciory products, and tlu; 
plater knows that' his success 
dejK'Tids upon keeping his 
solution at a chemical com¬ 
position having somewhat 
narrow limitiy”- O.W.lirown, 
op. at. 

Easy (comparatively). The 
anode and cathode re¬ 
actions arc simjilcr, and 
troubles arising from al¬ 
kalinity do not occur. 

( Vide ivfrt , ‘‘ Defec.ts of 
Nickel-plating.”) 1 

Deposit. 

Very often hard^and difficult to 
finish. Often a ba<l colour- 
dark or yellow. More liable 
to pitting and jn'cling. Only 
thin deposits easily obtained. 
Cf. E. Jordis, oj). cit., p. 02, 
and the authorities there 
cited. 

Usually smooth and soft: 
easy to finish. Uniform 
colour. Ijpbs likely to be 
pitted or to strip (or peel). 
Thick deposits easy to 
obtain. 


> Thf solii bility of Ni RO 4 {NHSOj 0 H/) at 10“ C. is 5-8 parts per 100 parts water; 
that of Ni SOj 7 H. 4 O is 37-4 parts per 100 parts water. Itescoe aud Scborlcmmer, Treatise 
on Ciemisfry, 1907, Tol. ii. p. 1282. 

® The whole of the metal salt can be thrown out of solution by the addition of sumcieut 
ammonium sdlphate, vide Roscoc and yehorlcmmcr, op. cd., p. 1282. 

* For interesting information on anode efficiencies, vide 0. W. Trans. Am. 

Elecfraehem. Soc., 1903, vol. iv. p. 83. 

* See Chapter II., p. 13.,. 
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^ICKEL-PLATING SOLUTIONS 

The recipes that have been proposed from which to prepare nickel- 
platmg solutions are very numerous.^ It may be said, however, that 
there are very few objects of nickel deposition thajt cannot be successfully 
achieved with the bath that is to be described in detail immediately, or 
some slight variant of it. It»is, lik<| the acid copper bath, one that is 
employable generally. For a 18w speciijJ purposes, for example, deposition 
on zinc ^ and, ^perhaps, aluminium also, a special and different type of 
bath may be more usefully employed. Alld again, for very heavy deposits 
(of the order | in. to I'in., say), the solution may be preferably con- 
•stituted as given in Solution 2. 

SOLTTTION 1 
(a) (Jompogition 

The constitution is as follows; ,3 Ib. of nick^rsulphatc; J oz. of 
ftommon salt; 1 oz. of boracic acid (])owdcrecl); and 1 gallon of water. 
This bath, or a variant of it, can be used for all “ still vat ” work, for 
barrel-plating, and for basket work. If the goods to be plated are heavy 
castings «(or the like) with very iiTegidar surfaces, the composition, as 
given, should be varied by the addition of more common salt, in order 
to increase the conductance of the solution. Thus, another I oz. of salt 
per gallon may be added in such cases. Similarly, for barrel-plating, that 
is, the deposition of nickel (or other metal) on a quantity of small articles, 
such as screws, nuts, springs or buckles, enclosed in, for example, a 
circular or drum-shaped celluloid or wooden container (with holes pierced 
through the celluloid or wood), that can be rotated in the solution on a 
horizontal axis, the eloctrol)'te may well be made more sonducting by 
the addition of more salt, and be made to yield’d still softer and whiter 
dq)o.sit by tbe»ajJdition of another t)uuco of boracic acid per gallon of 
sSLtion. JTh o variation of composition to be made in any special case 
(where it isnel^*rry) is S lilatter to be left to the experience and discretion 
of the operator.. / 

It will be interesting and instructive to consider briefly how far a 
solution of the composition stated conYrms to the requirements of a 
good plating solution as described in Chapter IV. In the first place,* 
it is to be noted that the composition is simple. There are only three 
substances present, namely (1) the metal-containing salt (nickel sulphate), 
(2) a conducting salt (common salt), and (3) the boracic acid. The electrode 
reactions that have to bo considered are few in number, since the ions 
discl^arged are, almost entirely, the nickel ions, and the sulphate ions 
(or sulphanions, as they are sometimes called).^ Essentially, one has 
to do with the electrolysis of nickel sulphate simply. The bath will, 

^ Vide E. Jordis, op. ciL^ pp. 58 and 59, or W. G. M'Millan, Ehetro-meteilurgy, 1910, 
p. 218. 

* Vide Metal IttdSstry (Amer. edit.), 1920, vol. xviii. j). 308. 

^ E.y.f by J. Walker, Introduction of Physical Vfiemistry^ 1907, p. 225. 
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therefore, be easy to control. Next, the anode and cathode efficiencies 
approximate closely to 100 per cent.; hence the upheep of the bath is 
practically automatic, if good anodes are used. It iv rarely necessary to 
add metal salts: solution of the anodes supplies metal. Thirdly, the 
deposit is of close, fine-grained texture and, to the eye, non-crystalline : 
it is comparatively dense and non-porous. It becomes dull, soft, and 
smooth after deposition has continued for a short time; and, con¬ 
sequently, it is easy to finish. Lai^tly, cohtrol is tendered still easier and 
more intelligent by the fact that /"he function of each of the constituents 
is known. The functions of the nickel sulphate and sodi^im chloride are 
evident; that of the boracic acid is less so, perhaps. E. Weston,^ who 
introduced the use of boracic,acid in nickel baths, claimed that this 
substance (1) prevented the formation of sub-salts (including oxides) 
at the cathode, (2) reduced the evolution of hydrogen, (3) improved 
^he phy.sical character of the deposits, making them softer and whiter, 
and vi', iipnroved the adhesion of the deposit to the base metal. Schliitter 
confirms rnoSK of. these claims : ^ the author is also in a position to do 
so. He believes tii.^' the improveipents indicated are simply due to the 
fact that the boracic acid, being very slightly ionized in solution, affords 
just sufficient hydrogen ions at the cathode to prevent the formation ol 
oxides and hydroxides there, and the constquent deterioration of the 
deposit, but that the hydrogen ions are not sufficiently numerous to 
allow, after their discharge, of the inclusion of much hydrogen gas in 
the deposit, or materially to affect the cathode efficiency. 

It may be remarked that no claim to originality is made in respect 
of the composition given above. All the substances have been used 
many times before in nickel solutions : they have been used both individu¬ 
ally and in combination. There is nothing new in their use; but the 
good features of a solution composed of them do not appear to be gener¬ 
ally known, qnd included among these features are the general utility, the 
efficiency, and the economical working of the solution. 


(h) Working Condiligns^ 

Thc,se are : Specific gravily. 18“ Be. (about); Current density, up to 
8 anip./ft.*; E.M.F., c.g., 2 Volts, at 9 in. electrode distance, when 76 
amperes were being used on fift^u handle-bars, 3 volts to give 120 amperes 
on 112 cycle cranks, the electrode distance being approximately the 
same ; Reaction, very slightly acid.® Litmus (blue) should be turned 
to a dull, wine-red colour only—Congo paper must not be turned blue 
or even darkened; Temperature, above ti0° Fahr.; Anodes of good cast 
metal should be used, and as many of them as the rods will hold ; Agita¬ 
tion is, as always, an advantage, but it is not essential. 

‘ Amer. Pat. No. 211,071 (1878). 

* Qalmnoategie, Toil 1,1910, p. 58, and vide Brass World, 1911, voL vii. pp. 212, 234, 
and 317; but see wr contra, £. Jordis, op. cU., p. (K)» and ef. also G. LangSem, ElectrO' 
Deposition^ Melah, sub. nom. “ Nickel” The recently-expressed views of M. Sohlbtfcer 
will be fou^ in ElalU u. Eisen, 1921» vol. xli. at p. 273. 

* This may be maintained by very small and careful additions 10 per cent, (by vol.) 
Bi^phurio acid (pure), or better, by using larger amounts of boric acid. 
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It will be seer? that the working limits of the solution are wide; and 
this latitude is, oi course, a great advantage in works practice, and is 
yet another reason wr preferring the single sulphate solution to that made 
up from the doubl' salts, which, as 0. W. Brown has stated,^ has but 
narrow working limits. 

(c) Operation of the Bath 

There are no special rules ^equire\ to work this bath : the general 
rules of practice set ou^ in Chapter iV. suffice.^ It may, perhaps, be 
well to remarl? that, sometimes, new solutions do not give of their best 
at the start. This feature is common to other solutions, and was noticed 
uis ^png ago as 1868 in connection with solutions for depositing antimony.® 
It is not definitely established why this is so ; it may be due to different 
causes, possibly, in cliflerent cases. The author believes it is often dujg^ 
in the (ftse of the single sulphate bath here considered, to the saltgj^ing 
been crystallized from an acid solution and insufficicntJjj^^Nished. He 
has, however, invariably found that where this occurred, the 

irregularity quickly disappeared as the result of ■tt%w hours’ work with 
(phtavy current on scr.ap cathodes. 

Solution 2 
(a.) Composition 

This bath is based upon the use of magnesium sulphate. A proce.ss 
for nickel deposition, where a solution containing this salt was used, has 
been patented by M. Kugel,^ but this fact need not present one using 
similar solutions, for, even if the subject-matter of the patent was good 
in law, it is over twenty years old. A solution made up from the following 
constituents has given excellent results in practice: 3 db. of nickel 
sulphate; 8 oz. of magnesium sulphate; and ’3 oz. of boracic acid, 
^dissolved in 1 •gallon of water.® It‘will be not(!d that the amount of 
b'oilicic iicji^^onsiderablc, but that will not be found to be injurious.® 

r 

(b) Working Conditions and (cl' Operation of the Bath 

What has been said above in relation *o Solution 1 applies here also- 
in general. A current density of 10 to 15 amp./ft.® may be used, howevei 
even for long-continued deposition. The deposit has a somewhat bluish 
colour, which causes a plated afticle to look, to a critical eye, dark after 
buffing; whereas the deposit from Solution 1 is as nearly white as a 
•nickel deposit can be. 

^ Op. cit. 

• These rules should bff referred to again here, 

• Q. Gore, Phil. Trans. Roy. 8oc., 1858, p. 185 et seq. 

117,064(1899). * 

‘ The bath recommended by Kugcl consisted of: 100 grms. nickel t>ulphate, 100 gnns. 
magnesium sulpliatc^and 1 litre of water, for work at 90"* 0, 

• Cf. Brass Worl^^ 1911, vol. vii. loc. ciL, and also C. P. Madsen, op. cit. 
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ANODES 

In a former place it was stated that further‘consideration would 
have to be given to the subject of anodes : the present is a convenient 
place to do so. In ordinary works practice comparatively little attention 
is paid to tlw anode side of the plating tank, ncjtwithstanding the fact 
that the proper functioning of thf anodes is of ■^he highest importance. 
The two chief functions of anodoii arc : the current into the 

solution, and (2) to feed the solution with metal. The ease with which 
the current can enter into a ^solution and the facility with which the 
anodes dissolve depend, so far {is those are coitcerncd, upon their shape, 
composition, and phy.sical (raetallograpliical) constitution. These tlirefe 
matters ought, then, to be regarded both by manufacturers and users 
:f anodes ; but it is doubtful whether much serious attention jias been 
pauH-^it^cni in this country. 

.{n) The Shrpe of Anoden 

This has boon matter for much controversy. Flat .sheets (of vaHous 
dimensions), corrugated sheets, and solid eViptical forms have, among 
others, been strongly advocated. As the result of a scientific investiga¬ 
tion, C. P. Burgess and C. Hanibuecheu ^ came to the conclusion that, 
of the three ti'pes, the elliptical (or oval) dissolved most easily, and the 
flat anodes least readily, under the action of the current. They also 
showed that the oval anodes dis.solve more evenly, and that, with that 
type, there w.as less waste or scrap than with the others. At the same 
time, it must be remarked that these workers do not enlighten one as to 
how wear, of the kind to which oval anodes .are subject, affects the 
conductance pf the anodes themselves and of the bath as a whole. Nickel 
anodes and the doublo< sulphate of nickel solution were used by Burgess 
and Hambuechen for the purposes of their investigation ;; but the resuto 
are applicable generally to other mot.als and other solutions. 

(b) Ch\viical Composition 

Composition affects the rea/liiness of solution of an anode to a very 
considerable extent, and, of coiirse, its conductivity as well. If anodes of 
pure nickel were used, they would almost certainly become “ passive ” 
after being in use for a short time, and then would not dissolve at all: 
the same remark applies to anodes of sfmie other metals, e.g. iron. In 
the cases of such metals it becomes, therefore, of importance to consider 
what other metals than the nickel, iron, and so on, should be contained 
in the anode in order to promote its solution, and what amount of this 
should be present in order to secure 100 per cent, efficiency. Obviously, 
the other metals must not be such as, on solution, would injure the 
electrol 3 rUi, nor should the less freely soluble (less electro-positive, that 
is) material be so easily detached from the anode sludge that it will form 
• Electrociem. Industry, 1903, vol. i. p. 347. 
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floating matter A the solution and become a cause of rough deposits. 
The whole mattems one invitmg and calling for research.^ Meantime, 
it can be stated ffl.at a nickel anode conforming to the composition 
given immediately'has been found, in practice, to dissolve regularly 
and well, though the efficiency fell considerably short of the desir^ 
100 per cent. The composition was : Ni, 97'23 per cent.; Fe, 0-88 per 
cent.; and the differmce consisted silica, carbon, and other insoluble 
matter.* 

7c) Physical Coi^titution 

The physical constitution of an anode depends upon its metallurgical 
treatment, mechanical and thermal, ft is commonly agreed that cast 
metal dissolves moje readily than rolled, and that, in the case of nickel, 
.electro-deposited metal is the lea,st satisfactory from the point of vlflp 
of its Solution. These facts have been established for niokel^sd^the 
double sulphate solution by W. Pfanhamser, jun.*, and Brown.* 

But, assuming that a cast nickel anode is the most|33fi^le type, research 
is still required in regard to the proper castii!^ temperature, rate of 
Aioling, and like matters. These factors will affect the size of grain of 
the cast anode, and in otber ways influence its physical constitution; 
and it i^ well known that the solubility of substances in general and of 
metal in particular, depends upon size of grain and the like. It is quite 
possible—indeed, probable—that research in the direction indicated 
here, too, would lead to improvement in the .solution efficiency of nickel 
anodes, even in the nickel ammonium sulphate .solution. 


NICKEL-PLATING DEFECTS 

The last subject to be referred to is the defectsJ;o which mckel deposits 
ire liable. The principal of them, iiheir causes and their remedies or 
of prevmitlon, will be found m Table III. 

IIkmarks on Tauile III 

(1) A defect (or “ trouble ”) may 1^ due to two or more causes 
acting together, as, for instance, acidity* and low metal content, which 
would give rise to excessive pitting. To find what the cause (or causes) * 
is, the operator should work on 2 gallons of the solution only, as described 
in Chapter IV.: ® causes (and* remedies) should never be sought (or 
appli^) by experimenting on the bulk. Moreover, proceeding in the 
.way indicated saves time and material, and, further, encourages con- 
■ fidenCe. The practice of sending for an outside “ expert,” whenever 

‘ Cf. W. M‘A. Johnsoiit^leclrochein* Industry, 1903, vol. i. p. 48; Trans. Am, Electro^ 
ckem. iSoc,, 1902, vol. ii. at p. 173. 

^ ^On this subject, see the importaut results contained in C. P. Madsen’s pa^r, already 

* Zeit. f. Elektroch€in.t 1901, vol. vii, p. 698. 

* Op. cit. • 

nom. “ The Up^ep of the Solution.” 
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TABLE III 

Defects of Niokel-platino 


Defect. 

<1 Cause. 

/ Eemedy. 

( • 

Splitting or Cracking 

<c 

ft 

Imx^lusion of 'hyd:> jgai (and, 
]K‘rhaps, of iron). 

Splitting may be due, and 
probably is due, at least 
in partr, to the internal 
])rc.ssurcs or*strains with¬ 
in tlu* metal during dc- 
^osition.— G. G. Stoney, 
Proc. Hoy. 8or., 1909, 
vol. Ixxxii. p. 17:1, 

Prevf'^itionj so far ns possible, of 
ev'^iution of hydrogen at the 
c&hode by: ^ 

(i) Employing a lower current 
deneity; 

(li) increasing the conduct¬ 
ivity. tlioreby decreasing the 
K.M.F. ac|T)a8 the rods and prob¬ 
ably also tile cathode solution 
pol(‘ntial ; 

(ill) Tncreasiiig the metal con¬ 
tent. of the bath by (a) adding 
metal salts, (&) frequently clean¬ 
ing the anodes, in order to 
facilitate their solution; 

(iv) Employing a solution ofT 
^iich comjxisition that no con- 
.stituents which easily give rise 
to hydrogen formation are 
contained in it; 

(v) Working at a sufficiently 
high tem])<‘rnture, i.e. above 
(ir> Fall!', at the lowest. 

pEKLiNG or Stripping 

JUi) Cleaning ; or Too . 
great acid conlerU, where 
t he bath is “ workexl ” 1 
on tlic acid side, or Too j 
iigh cnrrcrd density-, or j 
Too cold a solvlijon. J 

Again, peeling can be 
tiaused by impurities in 
the solution, e.g. (ac¬ 
cording to Schlotter), 
pctroleiinypnd other sub¬ 
stances us d in the pre¬ 
paration ofctlic work.* 

For all these causes of peeling 
the I'emedics are obvious. 

The only remedy is to j. 

proe<H?d thus: r' 

Fill up tli^ #:ttihodc rods 
with scraffarticles, and pass 
through the solution as much 
current as possible. Test, 
(ivery now and again, for 
improvement in the deposit 
by suspending and plating a 
well-cleaned article in the 
solution. This remedy is 
sometimes called “ Working 
out.” 

Bkittlenkss . 

(а) According to Sch¬ 
lotter [op. cit.), iron, petro¬ 
leum, and organic sub¬ 
stances {e.g. decomposition 
products of citric acid, etc.). 

(б) Hydrogen. 

(а) “ Working out ” is* the 
only remedy, and it is here an 
expensive one. 

(б) See under Splittino. 


> M. ScUotter, Stahi u. BUen, 1921, v ’l. xU. p. 293. 
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TABLE in— continued. 


Defect. \ 

Cause. 

Remedy. 

Bad Colour— 

(i) Dark, blac k 

streaks, green 
or vellow 

(ii) Black streaks 

(iii) Bluish 

(iv) Grey-black 

• 

^Oornpo^ition of baik or im¬ 
purities. Too high cur- 
reni density. 

Alkalinity, a 
*Wii) I'ro.enco of^opper 
o^inc. ^ 

(Si) Magnesium salts. 

(iv) Too high cuifrnt 
(Icniity. 

The remedies in cases (i), (iii), 
aiffl (iv) are obvious. 

(ii) Work out {vide PaapiifG). 
N.B.—To detect copper. Take 

20 c.c. of solution, make the 
volume up to about 90 c.o. with 
water, and then add 5 c.c. 
H 2 SO 4 (cone.) and 2 c.c. of 
Now pass a heavy 
current through the solution, 
using platinum eleotrodi —a 
(dean J^t wire as catlu 1 

Copp(‘r, if present, will^^o 
(IcpCbA-cd as such^^u-^’-iffcannot 

he deposf ^ tno strongly 

acid e^yilTOytc. 

T’^itetecl Zinc. Take 20 c.c. 
of tb' solution, add strong 
ammonia till the precipitated 
hydroxide is rcdissolved, and 
then add citric acid solution till 
titc solution reacts acid. Now 
pass ILS gas. A white precipi¬ 
tate indicates zinc.— Vide Sch- 
lottcr, op. cii. 

Pitting . 

Hydrogen (i) Excessive. 

(ii) Slight. 

(i) Vide Peeling. 

(ii) Agitate tjiie solution ; use 
movingroads; ortapthecatliode 
rods sharply at intervals. 

Lack of deposit iii 
liollows 

(a) Poor conductivity. (\\\Q 
to 

(i) Original^omjwsj- 
tion of the batl); 

(ii) Alkalinity. 

tfi) 4 jow metal content, due 
to poor anode efficiency., 

(c) Acidity —usually jvoo 
great HgSO] content. / 

The remedy is (kbvious in each 
c{»(e. 

Rouoitness or Lumps 

(i) Particles, floating 

about in the solution, sc'ttle 
on the articles being plated, 
and become incorporated 
in the depoftts. 

(ii) A too high current 
density will cause a kind of 
roughness, but this kind 
differs from (i). 

It appears first on the 
•ends of articles or on the 
parts of them nearest tlie 
anodes, whereas roughness 
caused as in (i) is felt on 
the upper sudacea of the 
goods, especially. 

- .M - 

( 1 ) {a) Keep the anodes clean. 

Avoid dust. 

( 6 ) Do not disturb the 
vat sludge during work. 

( 0 ) Keep the solution 
coven'd when the bath is 
not at work. 

(ii) Lower current density, 

. 
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something goes wrong in the plating shop, is a thoVoughly bad one. 
More often than not, the “ expert ” knows no more ffbout plating than 
the man in the shop—sometimes, indeed, not as mucl;/. 

(2) The defect that has been called “ pitting ” is- sometimes referred 

to as “ porosity.” Pitting may, at times, be so bt d that it makes the 
deposit porous, but in general it is not sufficient lor that. Porosity, 
proper, is a characteristic of all (or almost all) elec/o-dcposits, and is the 
result of their crystalline structure/^ As a rule, thr'more coarsely crystal¬ 
line a deposit is, the more porous it will be. « ^ 

(3) In connection with some of the defects mentioned m Table III., 
c.g., irregularity of deposit due ^o poor conductivity or low metal con¬ 
tent, some remarks of Schlotter (op. cit.) on nickel anodes are important. 
They are worth quoting in extc-nso, especially as they emphasize the 
if. yprtance of the anode question : they are certainly fully coi^firmed 
by the«xu^or’s long practical experience. “ Care must be taken,” 
says Schlo^i', ” that as much nickel is dissolved at the anodes as is 
precipitated at the o. ' tjodes. SincCj now, where rolled anodes are used, 
solution at the anode does not keep pace with deposition at the cathodes, 
cast as well as rolled anodes are employed. In this way the mStaT 
concentration is maintained at the desired strength. If rolled anodes 
only are used, the electrolyte soon becomes acid ; while the sole use of 
cast anodes results in an alkaline bath. Since evolution of oxygon occurs 
at rolled anodes, nickel oxides are formed, and an oxidation of the whole 
anode surface; takes place : they become decayed (murbe) and spongy. 
This action is especially noticeable in cases of neutral or alkaline solu¬ 
tions : in acid, solutions it is loss so. The explanation is that with rolled 
anodes solution of them does not take place readily ; on the contrary, 
so high a potential exists at the anodes that oxygen is evolved, and 
this causes o^fidation of the metal.” 
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r HB literature relaiing to tlie electro-deposition of zinc is vcrj^ 
considerable ; and in it both eiectro-reiining and electro-plating 
lavc received much attention. The former operation is not considered 
lere : ^ attention is directed to the process known as “ electro-galvanij*' 
ng,”*the process, that is to say, which is concerned with tht^ e!<^!Cro- 
leposition of zinc upon articles of iron and steel for th^^-jliise of pro- 
acting them from the action of corrosive ageiu^-./^such as moist air 
md sea-water. The latter forms the sole use 'tor electro-plating with 
^lic. Of all the metals that have been used to hinder the corrosion of 
ron and steel, zinc is certainly the most important and most effective. 
This fact would probably not be disjiuted by most of those with experi- 
iEce to judge; but there is some difference of opinion as to the best 
vay of ajiplying the zinc to the iron or steel. Three methods have been 
idopted in practice, namely : Hot galvanizing —^that in which the article 
io be coated is dipped in or drawn through molten zinc; Vaporizalion 
noccsses (including Sherardizing)—wherein the articles to be coated are 
leated in contact with a zinc-containing compound or’substance, such 
18 the oxide, or carbonate or other compound, and the vaporized zinc 
lecomes deposited on the iron or steel; “ and, lastly. Electro-galvanizing. 
[t would be out of place to discuss in detail lyire the rotative merits of 
.hese three |}rocesses. In general, jj: may witli truth be said that no one 
)f them is unteersally the best; whether this one or that should be 
idoptcd* depends ujioti ijll the circumstances attending each particular 
sase. Factors‘which, among others, Ijave to be considered are: (1) 
The, kind of ntetal to be treated—whehfier cast or rolled or drawn, case* 
lardened, tempered, and so on; ® ('/) the use to which the article is 
io be put, and here, especially, attentkn sliould be paid to any possible 
jhysical effects that the respective j)roces.ses may have on the metalluf- 
pcal condition of the articles ; (3) the efiectivene.ss—especially having 
•egard to the particular case-«-of the processes re.spectively ; and, parti- 
mlarly, (4) costs. While detailed discussion is avoided, it is of interest 
md value to refer to the opinions of such impartial authorities as Professor 
J. F. Burgess and Dr. W. Guertler. Burgess, as the result of a careful 

^Tho zinc extractiaa process (by electrolytic means) is also, at the present day, 
eceiving more attention. For a recent and very full account of this, see S. Field, Trans. 
Yar. Sac., 1922, vol. xvii. p. 400. 

* A multitude of patents relating to such processes have been granted.* For example, 
n 1911 alone thcr«aro four, namely, Nos. 5811, 14,537, 10,294, 23,205. 

• Vide L. Aitchison, “ Jilectro-plating for the rrevention of Corrosion,” Tran^ Far. 
.921, vol. xvi. p. 473. 
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experimental investigation of the properties of zinc coafmgs, came to the 
conclusion that the principal fact brought out by Ms work was that 
“ with the corroding agents adopted, electro-zinc has Aesistant properties 
far superior to zinc applied in the molten condition.” ^ Dr. Guertler 
studied the micro-structure of galvanized iron, jpid found that the 
electro-deposited metal could, like the zinc applied try .the other methods, 
be porous, and concludes that “ an absolute «uperioi|<ty c.annot be ascribed 
to any one of the three processe.ji' named':” * lA may be added that 
Dr. L. Aitchison has quite reci ntly expn'ss(!d thA view that, in general, 
the electro-galvanizing process M to be preferred.^ 

PROPERTIES 

^'■•iCbe properties ])o.sscssed by electro-deposited zinc depend up»n the 
conditioAs^mdei' whicli it is formed, just as is the case with electro¬ 
deposits ofothef' -'(‘tals. But zinc a.])[)ears to be especially sensitive to 
those conditions, amd-s which the foiiiposition of the electrolyte is of 
great importance. The presence of anj^ considerable quantity of mineiaL 
acid (sulphuric or hydrochloric) affects the j)ropertie.s of the deposited 
metal very markedly. Electro-deposited zinc cfAn have almost any shade 
of grey colour. It can be bright or dull and matt. In macroscopte aspect 
it can be smooth and (apparently) non-crystalline, or it can be rough 
and quite coarsely cry.stalline, the individual grains being easily visible 
through a hand-lens. Under the microscope a j)olishcd and etched 
section always appears granular (crystalline), even in those cases where, 
to the unaided (#ye, the metal is bright and, seemingly, without crystalline 
structure. Sometimes, the de])osit is powdery or spongy. In such cases 
it is probable that the deposit is not pure zinc, but consists of metal 
mixed with oxjde or hydroxide, in the case of the powdery deposit, and 
of hydride of zinc (with! most likely, metallic zinc) in the case of zinc 
sponge.* The deposited metal is ndeer really hard, in.th; same sense, 
as is deposited iron, nickel, or cobalt; but it can be, and oftci? is, vc'ry 
brittle, and this is especially apt to be the case'where tin* deposit attains 
any considerable thickness, (ha the other hand, the metal can be so 
'ductile that electro-galvanized co}^)er wire can be wound round a lO-gauge 
wire without showing any sign of fracture.** Where the metal is bright, 
it tarnishes (oxidizes) in the air ; and it is, of course, subject to the attack 
of acids, just as is ordinary zinc, though, being (usually) purer, the 
attack is less rapid. 

ZINC-PLATING SOLUTIONS 

A multitude of solutions have been proposed as suitable for electro- 
galvanizing. Among the best baths at present employed in works 
practice are to be numbered certain baths which are placed on the market 

' Electrochem. arid Met Indua.y 1905, vol. iii. p. 17. 

* InterncU* Zeit f. Melallog., 1911, vol. i. p. 353. * Loc. cit 

*H. Danneel, Handb. der Elektrochc/nie, Specielle Eleklrochemief*Teil 1, Liefoning 4, 
p.3Qi. 

* Cf. 1. Szirmay, Zeil. f. ^lek1rochem.t 1905, vol. xi. p. 333. 
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Under trade nataes, and the compositions of which are trade secrets. 
While it is a fact that a certain small number of these solutions have 
proved themselves of great use, yet it i§ also a fact that they suffer in 
practice from the^efect common to all such baths, namely, that their 
compositions are uVknown to those who have to work them. These are, 
therefore, handicapVied in that they are more c# less helpless when such 
baths “ go wrong;”! Moreover, some of these baths are needlessly com 
plicated in composiVon, apP thia,iagain, renders their operation more 
difficult. Almost alVthe solutioul( intended to bo used for electro- 
galvanizing,.that havobeen patented may be safely neglected by deposi¬ 
tors. A few exceptions will, howcve?, bo mentioned. In 1908, E. C. 
Broadwell patented,^ .as assigi.er to J .W. Meakcr, of Chicago, a solution 
containing zinc sulphate together with zinc naphthalene disulphonatc. 
In the spccificati(*a it is stated that “ the proportions of the constituents 
may»vary through a wide range dependent on the current and the puj:r.,oe 
for which the deposit is required.” This bath has been foopd to give 
excellent results on several classes of work ; but it 'TfR’also found that 
'Is conductance did not enable tjje re-entrant ..igles of such goods as 
jjon window-frames (and the like) to receive really safisf.actory deposits 
of zinc. Another solution worthy of mention liere is that patented in 
190,5 by L. Trunkhahn and A. Neurath,^ This bath is com[)osed as 
follows; 25 kilo, zinc suljdiate, 15 kilo, aluminium sulphate, 1 kilo, calcium 
carbonate, 4 kilo, maltose (or dextrine), j kilo, brewer’s yoa.st, and 100 
lit. water. The bath gives a good, smooth, bryhl deposit, when worked 
at 10 to 15 amp./ft.‘‘‘, gives good results over considerable periods of 
deposition, and, despite its complexity, does not seem to get out of order 
easily. It has been used for coating tubes, inside and o*it, the total costs 
of operation working out at 24s. per ton (pre-war). Both Dr. Peters, 
of Berlin, and Dr. I. Szirmay, of Buda-Posth, have reported very favour¬ 
ably on the results they obtained from the bath. Tjje two foregoing 
solutions sufier from the common defect that Mie composition is complex. 
'What the i»,!afitions are which occ4ir at anode and cathode, respectively, 
in a With containing naphthalene disulphonatcs are unknown; and 
Dr. Peters a»d Dr.'Sfirinay have given difierent explanations of the 
manner in which the maltose and yeast affect the nature of the deposit. 
At* the same time it is true to say ^hat nearly all the l eally successAil 
solutions used for electro-galvanizing® contain either a colloid, or sul¬ 
phate of alumina, or other substance that produces the same effect^on 
the deposit as many colloids do.^ Many contain both. It is, unfortun- 

> Amer. Pat. No. 906,837 (J)ec?8, 1908). 

* D.R.P., No. 210,552 (1905); see Jakrb. der Klektrocym., 1909, vol. xvi. p. 467. 

* This statpcment is also true of many relining baths. For m.stance, I'he Anaconda 

Copper Mining Co., Great Falls, Montana, use glue (see Arner. Imt. Min. and Met. Eag.t 
1921, vol. Ixiv. p. 699, abstracted in Mining and Metallurgy, 1920, No. 168). Glue is, too, 
used at a zinc-iefiaing works in Tasmania. On the other hand, 1). McIntosh, who carried 
out some experiments at Trail, British Columbia, for The Consol. Mining & Smelting Co., 
states, as a conclusion, that “ the solution should be absolutely clear and free from col¬ 
loids” {Trans. Boy. Soc. Canada, 1917-1918, vol. xi. p. 118). ^ 

* Prof. W. D. Bancroft {Trans. Am. Electrochem. Soc., 1912) appeals to approve 

M. Schlotter’s viSw that “ the action of aluminium sulphate is clearly that of a colloid.” 
See QcUvanostegie, 1910, Tell 1, pp. 38 and 51. ‘ • 
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ately, just as true that, though much has been writt<4 upon the way 
in which colloids and quasi-colloids act in plating solutions, the only 
thing that is known for certain is that many of them, appear to cause a 
catting down of the size of the grains composing thadeposits, and that 
this results in the formation of a smoother and den»r (physically, more 
homogeneous) deposit. *^Nhj the grains are reducedjpn size—the cause or 
causes that operate to effect the reduction—is not kmwn; nor is it known 
why one colloid will produce ben^cial ejects \^ile another produces 
either no effect at all or, may be, a {)ad one. Prqjessor Bancroft’s view ^ 
that the “ addition agent ” (tha^ is, the colloid)^' involves’the decrease 
in costal size due to absorption of the addition /vgent ” can scarcely be 
considered as more than a personal opinioii. Under all the circumstances 
it is considered best, for present purpose.s, to divide zinc-plating solutions 
two classes, namely, (1) Patented and (2) Non-palented solutions. 

Patented solutions. The two best of these have already‘been 
sufficien-rt^ Oiym ented upon. The only other one that seems to justify 
mention here isf’^-'.X'lassen’s bath,^ which has been investigated and 
commented on by S. it.\Tucker and E. G. Thommsen.® Classen recom¬ 
mends the following bath : 100 grms. zinc sulphate, 20 grins, sodiius^ 
sulphate, 5 grms. zinc chloride, 2| grins, boracic acid, 25 grms. liquorice 
root (added gradually), and 500 c.c. water. Tucker and Thommsen found 
that the best current density to use is | anip./dcin.^ (about 5 anip./ft.®) 
at ordinary temperatures; that it is necessary to add more liquorice 
root from time to time; and that agitation is beneficial. They state 
further that a bath composed of zinc sulphate and liquorice root gave 
equally as good results as that recommended by Classen. 

2. Non-patAirded. solutions. There is no intention to consider here 
even a few of the very great number of solutions that have been proposed 
for use in zinc-plating, and which have not been patented. The purpose 
here is to conskler the making of a solution by those who do not wish 
to use one of the three p'atented ones d(>scribed above. A certain type 
of solution is described, rather than an individual one. Tlfough not of 
umversal application, it is one that will serve many ^purposes, particularly 
if the quantities of its components be varied to suit difftrent classes of 
work. At the outset the definite ojiinion is expressed that there does 
ilbt exist a zinc-plating solution of\he universal type—a solution, that is, 
that can be employed to best acjvantage in well-nigh all cases, in the 
same W’ay as can the acid cop2)er bath lor the deposition of copper. 
The purpose the bath has to servo must, therefore, be carefully considered 
in each case : it rarely happens, for instance, that a zinc-plating solution 
suitable for tubes will do equally well for heavy castings. 

* Chem. and Met. Eng., 1920, rol. xxiii. p. 4i)4. A. Miitsoheller’s view is intenisling, 
but hardly convincing (vide Chem. and Met. Eng., 1915, vol. xiii. p. 353, and Jour. Amer. 
Chem. Soc., 1920, vol. xlii. p. 2142). See also the following: E. F. Kern, Trane. Am. 
Electrochem. Soc., 1909. vol. xv. p. 441 ; Wo. Ostwald, Theoretical and Applied Colloid 
Chemistry, 1917, p. 196; and O. C. Balston, IJydrometaUurgy of Zinc, 1921, p. 94 
(McGraw, Hill & Co., New York). 

* Amer. PatvNo. 809,492 (1906). A good rc-view of zinc-plating solutions of all kinds, 

patented or otherwise, published before 1910, will be found in M. ticljotter, op. cit., pp. 
101 et seq. ■ 

* Tians. Am. Electrochem. 5'oc.,T909, vol. xv. p. 477. 
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Composition 

{a) The metal sah. Undoubtedly, zinc sulphate is the best metal- 
containing salt to\pe. It is cheap, and can be obtained commercially 
in a pure state ; ^ \t contains 22-78 per cent, zinc (metal) ; it is fairly 
soluble—3 lb. of sail (crystals), or even more, ciiG be used for each gallon 
of water; * an(^tlV (SOj)^nion attacks the zinc anodes well. Its 
solution is, howe!Ver,» pooi*condud^or; hence, a conducting salt must 
be employed. \ 

(6) The (inducting salt. Many sub^ancos have been used to aid the 
conductance of solutions based on the sulphate. Among these, the best 
are sodium sulphate (Glauber’s salt),’ sodium chloride (common salt), 
magnesium sulphate (Epsom salts), aluminium sulphate, and zinc 
chloride ; the last two have double purposes. The author prefers to us'- • 
common salt.’ This substance is cheap ; its solution conducts ?7'eil; 
and the chlorine anion helps to dissolve the anodes, (fhe introduction 
of sodium complicates the reactions at the cathode, 'perhaps, but not 
more so than the magnesium oi* ammonium,’ where salts containing 
iAcm arc employed. Zinc chloride * is useful, but not easy to obtain 
cheaply in the pure state ; moreover, it is not easy to use with accuracy. 
The author has always found it quite inadvisable to use sulphuric acid 
in electro-galvanizing baths; the principal reason is that the working 
of baths containing it is dilEcult to control on account of effects produced 
by it on the deposits when present in varying quantity, and it is always 
difficult to maintain the acid content constant. 

(c) Addition agent. A bath comj)osed of zinc sulphate and common 
salt only will not work well. One or more of the substances classed under 
the general term “ addition agents ” must be employed. For present 
purposes, boracic acid will be considered as such. Many authorities 
have used this substance, ’ and its addition i^ recommelided here. W. 
I’aweck,® who patented the use ol, boracic acid and other boron com¬ 
pounds in ziheffiaths, claims that it hinders the formation of zinc sponge. 
That mSy be so ; but.th^ author believes that it functions by preventing 
the formation (Tf o.vides and hydroxides at the cathode.’ Another sub- 
8ta5,ce often hdded to zinc-plating baths, and recommended here, ij) 
aluminium sulphate.’ This substanc^is also classed among conducting 

1 The purity of the salt used is of great imp»rtance. See S. Field, op. cit. 

• 100 parts of water dissolve 60-88 parts ZnSOj at 15“ C. Koscoe and Sohorlemmrf-, 
Treatise on Chemistry, vol. ii., Metals, p. 650. 

^ This has been mueh used in zinc-platmg baths. 

• Laugbein uses zinc chloride tlms ; 20 kdo. ZnSOj crystals, 4 kilo. Na 2 S 04 , 1 kilo. 
ZnCh, i kilo, boric acid, 100 lit. water. Temp, ordinary for flat ware, 40° to 60° C. for 
other goods. C.D., about 20 amp./ft.* And see E. F. Kem, D.R.P., No. 244,432 (1911). 

^ Cf. Laugbein (note 4) and the Tninkhahn bath. 

• Eng. Pat. No. 1688 (1902). 

’ Cf. Chapter VI. p. 62. 

’ Cf. (infer alia) the Trunkhahn bath. It is believed that the American Galvanizing 
Co. strongly recommend sulphate of alumina. See also : I. Szirmay, Elect. Review, 
1903, vol. xliii. p. 850 ; Zeit. f. Mlektroehem., 1904, vol. x. p. 197; and I. Szirmay and 
L. von Kollerich, Eng. Pat. No. 16,959 (1900). For an explanation of the thodus operandi 
of aluminium sulfate, see C. F. Burgess and C. Hambucchen, Jakrb. der Ekktrochem., 
1902, vol. ix. p. 075; EleUroehem. Zeit., vol. ix. p. 196 ; and Electrical World, 190J, vol. 
x^gip. 411-416. 



MODERN electro-plating 


74 . 

salts, and no doubt it does belp the conductance of a Elution ; but, ill 
view of its principal function, it must be classed among addition agents 
also. Its principal function is-that it cuts down the size of the grains 
of the deposit {vide W. I). Bancroft, supra) ; this a very important 
matter, as -ft-ill be seen in connection with the strucmro of zinc deposits. 
The employment of thiS' sulphate complicates, of co/irse, the composition 
of the bath ; but since its quantity in a solution rmiains approximately 
constant, the working of a bath coytainingtit is nAt iriade more difficult 
from variations of content of the salt, and, in (ffioyc, the author has never 
met any difficulty occurring in q zinc-plating bath that could be traced 
to the use of aluminium sulphate. Of other sub^itances used as addition 
agents in electro-galvanizing baths—substances such as gums, sugars, 
and the like- the following (in addition to those already mentioned) 
been shown to give good results : Glue.^ eikodogen,^ pyrogallol,® 
beltsnaphthol,^ gum tragacanth,-’ gum arable,^ and the sugars (miltose, 
IsBvulose'^extxin, and other.s).-'’ ()f all these it has been found that the 
sugars give as goDd results as uii}-. Their action is the same as that of 
aluminium sulphate ; th-it- is 1o say,rthey cut down the grain-size of the 
deposit, and olten cause it to have a bright and even lustrous a])j>earan4t*t 
Used with the sulphate, they ajipear to act toj^cther with it in the direc¬ 
tion indicated. 

A solution made with zinc suljdiati! (at least 3 lb. per gallon of water), 
common salt (about 2 oz. per gallon), boracic acid (about 3 oz. per gallon), 
aluminium sulphate (3 to 4 oz. per gallon), and a sugar (maltose (w dex¬ 
trin), will be found to answer a great many purposes and be useful for 
galvanizing many classes of work. 'I’hc quantities of common salt, 
aluminium suljJhate, and sugar that may be used vary considerably; ® 
but the quantities indicated wdll be found useful amounts to use. The 
quantity of sugar used is also variable : 1 to 3 oz. will usually be found 
sufficient. Sueh a solution does not answer the test of simplicity ; but 
it is not so out of control as mighty prima facie, appear. The function 
of each constituent is known, though how each does its work*is not knowm 
in every case. The principal electrode reactiqns are libcraiiion and 
solution of zinc ; prevention of the formation of oxides (or hydroxides) 
Jjy the boracic, and diminution of the size of the grain?-of the deposi-t 
by the aluminium sulphate arV chemical and physical phenomena, 
respectively. As a matter of fajt, though causes arc either imperfectly 
understood or not understood at all, it has been found quite easy to 
work and control such a bath over long periods of time. This is, no 
doubt, the case largely because the anot)^ and cathode efficiencies are 
high, being 96 to 99 per cent., working at 10 amp./ft.‘‘‘: the anode 
and cathode efficiencies are approximately equal; and, over periods 

^ Mining and Metallurgy, 1920, No. 168. 

*0. P. Watts and A. C. Sha|>e, Trans, Ant. Electrochem. Soc,, 1914, vol. xxv. 
p. 291. 

» Eng. Pat. No. 7255 (1911). 

* J. Meurant. Eng. Pat. No. 21,149 (1900); D.R.P., No. 154,492 (1904). 

* I. Szirm^’ and L. von Kollcrich {vide note 8, p. 73). 

* H. Paweek has noted the necessity of varying the amounts of 4-he components of a 
zino-plating bath to »iiit the work.required of it. Firfs Eng. Pat. No. ]688(1902),or Amer. 
Pat. No. 745,378. 
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of three hours’ 'duration, and working at 10 amp./ft.“, the bath gives 
uniform results. 


WoEKiNG Conditions 

These have beai indicated, namely, Curr^i demily, 10 amp./ft.* 
(the E.M.P. at t!^ V.D. will, of course, vary with the load, the material 
of the goods, rodfdisVauce, a»id other factors ; it is usually from 2 to 2J 
volts at a rod dista^e of 9 in.) 'X Temperature, ordinary; Agitation, 
useful (as always), birl not necessary. The amd^’s should be of good 
rolled zinc as pure as can be obtained commercially, and, in size and 
number, they should be^s larg« and as jnany as the vat will accommodate. 

Operation 

'l^c operation of zinc-plating baths in gcaieral is rather more diitfcult 
than is that of some others. In the case of a bath ol tli,e type’described, 
there are two matters that re(|uire particular attsmthm. It is of especial 
importance that goods should not' Be suspendedlu tlie bath unless current 
is passing or the goods themselves comjdete the circuit on and by their 
introduction into it. '(Jlit! solution has no cleansing properties—does 
not, th^t is, act chemically to remove oxide and other surface substance. 
The other matter relates to the formation of the depo.sit. It is observed, 
sometimes, that while the projecting parts of an article “ strike ” well, 
or, in other w'ords, become quickly covered with a layer of zinc, the 
re-entrant portions and those farther removed from the anodes do not. 
These may even turn dark or black, and fail to “ cover ” even after 
deposition has jiroceeded for some time. This defect is, in most cases, 
due to one of three causes ; Either the salts used to make the solution 
{fi.g. the zinc sulphate or aluminium sulphate) contained free acid in 
consequence of not having been properly wii.shq^ when crystallized during 
manufacture, or acid has got into^he bath at some time subsequent to 
i^ making, or,“thirdly, the conductance of the bath is too poor lor articles 
of the Ifind that require, in the particular case, to be galvanized. In the 
two former casCs, where the trouble is due to the presence olfree (mineral) 
acii the besff remedy is that known as “ working out ” ; ^ in the last, 
more common salt must be added, uiflng not more than | oz. per gallon 
of solution at a time.- In order to id^tinguish which of the possible 
causes is producing the defect, attention must be paid to the macroscopic 
aspect of the deposit. If the zinc, where deposited, is bright and metallic 
(while the bath is working at or below 10 amp./ft.^), acid is causing the 
trouble. 

Mastery can be obtained over the working of zinc-plating baths in 
only one way, which is outlined immediately. As already indicated, 
really good baths are, in the case of zinc, almost always of complex 
composition. Even if the function of each component is known, 
the minor electrode reactions are not. Hence, while he can be guided 
by his knowledge of the former, the operator must, in the present case, 

‘ Chapter VI.'p. 06, Tabic III., sab “ Eemedy.” 

^Mem, Rules reiatipt^ *‘1 aHdifcions. ftuh nnm. “ TJpk^p of the Solution/’ p. 38 anie. 



obtain bis working knowledge of tbe batb from teor^ng' 

Working on tbe 2^allon scale, he should make up a sdlut^n Btl^ b^* 
step, and find out bj^ experiment tmd observation the deposit obbune^ 
at each step. For instance, he should dissolve th^proper amount df 
zinc sulphate, and plate an article in the solution, nhen he should add 
the common salt, plate 'another article (of the sam^kind), and oom|^e 
results. The aluminium sulphate may th^n be added, ancfther article 
(again of the same kind) plated, sM, agam, the psullwg deposit com¬ 
pared with the former two. And so on. Anoth^ series of experiments 
can be made by altering the order of the addition of the components; 
and still a third by varying the amounts of each. In this way and by 
his observations on the electrode^phenomena (evolution of gas, rate ^ 
striking, and the like) and current conditions, the operator will become 
«spy-relmnt and, before long, a master of the working' of his bath. For 
thirf^urpose, he must know what the components of the bath are, aM, so 
far as possible, how each functions. It is in this respect, especialljr, that a 
man working a sohition of the type described is better off than if he has 
to work one of unknown composition. Such work as this can be quite 
well done during working hours in the shop. It ought to be done in thu 
case of any plating bath, if the operator wishes to put himself in the 
independent position of being able to manage his own baths without 
outside help. It must be done in the case of a zinc-plating bath, if the 
operator is to be capable of meeting successfully any difficulties that 
arise. ' ' 

Deposit 

The deposit from a bath of the type under consideration has a greyish- 
white colour, tinged with blue. It usually possesses a brightness of a 
nacreous kind; but the deposit is still good if dull in colour and rather 
more blue. It‘has no apparent structure as seen with the naked eye: 
it does not look crystalline at all. If adheres quite well. The metm is- 
■as ductile as most samples of electro-deposited zinc, bulfifthe current' 
density is pushed too high, and the deposit becomes too thick, there is a 
tendency to brittleness. Agitation helps to prevent this; but thick 
opposite of zinc are not necessary for galvanizing purpdses,^ smd^fhe 
bath will be found fast enough (foriordinary work) at the working current 
density recommended. 


STRUCTURE 

It is quite true to say that, hitherto, very little attention has been 
paid by practitioners to the structure of zinc deposits in relation to their 
service as protectors of the underlying iron or steel. How various the 
■ etrujotuse may be is partly shown by the illustrations^ The micrographs 
show, in paictioular«.how gteat the effect of the composition of the bath 

, *1^ Attf«iM«^iStan4iie&(Wadiin^n), Ciioiilai ISfo.SO, says that a thickness of 0*0016 
‘Ik. i* 'ssiQoioat for v>ok^ parmses. %ie anthor’s experience is that consideTaUy less 
.ffi(lU. t». tibne-qasrte^ of a thousandth ef an inch) is sufficient foaveiv many. tO>e 
(aVeoW) ^Uokness of a deposit of zinc is rather more than OOOl in. ^r hour, worlaUg 
at St aa^/fti* I hhnoe the time required for 0-0016 in. is II houn at this ourtent density. 
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majr “be iqtoa life straot^'bt toe a?posiroi)«mn»ip account h<ui h«i^ 

talrai of frying coit^tiions of dop&tion, tlieinselves ^ 

in tfe structures of deposits •from one and tfe same fe^n ' 
lie de^ts shown in the %ures were (except that of Fig. 21) aJl fdrihed 
the sai^ teihperatlire, current densityj ani other conditions. 

T® Ilhtsteations 

FiO- 18.—This shows the structure of a zinc deposit formed in a 
^ath containing the sulphate of zinc ojily. The surface of the deposit 
is holo-crystalline, an(i contains idiomorphic forms: the interior is 
hypridiomorphic. Such a stru^ure renders the deposit useless for rust 
. prevention. It is full of holes and oxide (black patches in the figure) 
and intergranular cracks. 

, Bfo. 19.—In this figure the surface of the deposit, of which the interior 
structure is exhibited m Fig. 18, is shown. 

Fig. 20.—The deposit was formed in a similar bath to that used for 
, the deposit shown in Figs.^ and W, except that free sulphuric acid was 
present. The deposition conditions were mike in all fespects in the two 
pgpes,. It is notable that the acid has brought about a marked reduction 
'’;M'^*|(j^jh^d-8ize of the grains of which the deposit is composed. So 
is fencemed, such a deposit is much less porous than 

that 

Fio. 21.—Tliis ndcrograph shows the type of structure a sound and 
useful deposit should possess. It was formed in a bath containing zinc 
splpfefe, a sli^t amount otfree acid (sulphuric) and glue. 

■ 22.—The deposit fere shown was, too, formed in a bath of 

siniilar Cphiposition to tfet used for the deposit of Fig. 21. But, while 
ihe former wm m^e in this country, the latter was deposited in Tasmania. 

bath in which the deposit^ here shown was formed 
contained zinb sulphate and dextr^. The conditions of formation were 
the same as were used for th* deposits of Figs. 18 and 20. The change 
of stnufture brought abqpt by the dextrine is very marked. 

Fro. 24.—nds micrograph shows the surface of the deposit of Fig. 23 ; 
it be compared with Fig. 19. 

Genebai. BI:uaees 

*'f9“|bneral, the micrographs speak for themselves; the different 
structures obtained in conseqpehce of the presence of difierent substances 
in the bath are most marked. Twa^points may, however, be specirily 
noted: (1) iSTacroscopio features eprremond (as is, indeed, to be ex¬ 
pected) to micro-structures. (Gon^iareFigs. 18 and 19 witO? and . 
respectively.! This faft helps one to know what the latter isJ^m idsMi 
observation V the deposit during its formaldon. (2) The structure a 
deposit possesses is not a matter of chance, but depends upra I# the 
conditions of its formation and, especially, upon the composition otthe 
Bolatdon in’wfeSi it is formed. The 'depict stewn in Fig. 21 was made 
at tfe other end of the worid in a bath cbntaining sulphikte of *eino. 



78 


MODERN ELECTRO-PLATING 


sulphuric acid, and gelatin. That of Fig. 22 was recently formed in this 
country in a bath of like composition. The finely fibrous structure 
which the deposits have in common is characteristic of all deposits formed 
in baths containing, as components, the three substances mentioned. 
It may be added thai. Dr. McIntosh has published a seri'-s of beautiful 
photo^aphs that show the surface features of .'dnc electro-deposits under 
various conditions of deposition.^ 


MECHANICAL AND CHEMICAL TESTS 

• 

The testing of zinc deposits is a large subject, and cannot be fully 
treated here. The tests enumerated will be those that can be fairly 
described as saiisfactory workshoj) ones—tests that can be carried out 
by any one in the worksho]), and which, at the same t ime, give a suffici- 
entlv good idea as to the serviceableness of a deposit. They may be 
divided into two groups, namely: (1) Mechanical, and (2) Chemical; 
and they aim at determining (in aif api)roxiniate way) the following 
“ pro])erties ” of zinc deposits, namely, adherence, ductility, or brittle- 
ne.ss, durability, uniformity, and jmrosity.^ Tyble IV. contains a fairly 
complete classification. 


Mechanical Tests 

The following four tests were recommended ^ to and adopted by the 
Electro-Metallurgical Committee, Ministry of Munitions, as suitable 
workshop tests f^r adherence in connection vuth iron deposition; and 
they were found to give a sufficient degree of .satisfaction for workshop 
purposes. These tests are: (u) riie baw test; (b) the Hammer (or 
Impact) test; -(c) the Squeezing test; and (d) the Grinding.+'«t. (a) 
In this test the plated article is jilaet^ in a vice, and .sawn through with 
a hack-saw. (h) In this test, the plated article is struck •glancing bloys 
with a hammer having a 1-lb. head, (c) Here, tlje grtiole, where ifuitable, 
e.g., a tube, is held in a vice, and squeezed until the dtstance between 
the'jaws of the vice is diniiiiished by about .50 jier cent, (d) In the gga,nd- 
ing test, .it.' deposit is ground tlu.ough by a dry emery wluiol of some 
6 inches diameter and rotating at^ibout 1.500 R.P.M. W. A. Macfadyen, 
u*ho employed these tests, at the author’s iiLstancc, reported that, while 
the squeezing test was found to bo very stringent, and the grinumg test 
least so (most of his iron dciiosits standing the grinding test well), the 
impact or hammer test was found to be a good one.* It is suggested 
that the saw test helps one to obtain an approximate idea of the brittle¬ 
ness (or powdcrhie.ss) and toiighne.ss of a deposit. Nothing more is claimed 
for these tests than that they afford a fair estimate", for ])racticat purposes, 

1 yVanr. Hoy. Soc. (lanadot 1917—18, vol. xi. p. 11.1. 

• Cf. M. Schlottcr. op. cit., p. 114. and L. Ait, '.'son. Also sec W. lllinn, Trans. Am. 
Electrochem. Soe., 1919, vol. xxxvi., at p. 215, and W. Blum, E. J. Lisoomb, Z. Jeneks, 
anu W. E. Bailey, ibid, at p. 263. 

• Bv the author. 

‘ frans. Far. Soc., 1920, vol, xv. p. 100. 
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TABLK IV 


Tests roK Elbctbo-Zino Bkposits 


- 

A.— Workshop Methods. * 



1. Mpzhanical. 


• 


l^est. 

• 

1 

« Propi*rtry tiLSted. 

(a) Saw. 

(b) Hammer (trapai'f.)* 

(c) Smieozing .... 

(fi) Gnmling .... 

(c) Bemiing. 

Adlierencp, brittleness, fragility, ductilitj'. 

„ toughness. 

„ ductility. 

2. Chemical. 

, ✓ 

r 


(fl) CVtppor sulphate (saturalpd, 
neutral) [Prmcc) 

(t) (:t-2%) {liurgeas) 

(c) (.Caustic soda (IVaZA^r) . 

(rf) Salt spray .... 

(a) Gross variation of tlu kness of the deposit. 

(Very rouglily) weight of zinc per unit an>a. 

{h) Variation of thii kue.ss. 

{With some approximation) wciglit of zinc 
j)er unit area. 

(Approximately) total weight of dojKiRit per 
unit weight of base metal -iron or steel. 

(c) Porosity. 

[d) General resistance to corrosion, 

• 

B. -Laboratory Methods. 



1. 


• 

• 

• 

^’ropei^y teatoil. 


Meiiiod. 

Refenmce. 

Adhesion , 

Tlic mi'thod consists in soldering to the zinc; 
surface, l>y means of g low meltuig-jiomt 
solder, a eoyipcr plug ^ inch in diameter. 
By noting on a sprinj^ balance Die jiull 
necessary to separate this plug from the 
iron, a measure of the adherence of the 
zinc to the Iron is made. 

• 

0. P. Burgess, 
Khc^^iem. aiu!^ 
Mel. Eiuj., H)05. 
vol. in. p. 17. 

2. Ghtmkal. 




G<‘neral resistance 
to corro3iuny(C’. 
L. CampbeU^ 

<• • 

,•3 

The zme cotating is dissolved off by a stand- 
• ard .solution of acid, and the hydrogen 
generated and cvolvcil is collected in a 
suitable appi^r^u.s. The rate of forma¬ 
tion of the gas is presumed to be in-* 
versely proportionalito the resistance to 
corrosion. 

KUcAr^tem. arid 
Mfl. JCwf., 1009, 
vol. vii. p. 441. 
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of the properties in general and, especially, of the adherence of a deposit, 
whether of zinc or other metal. They should be used in conjimction with 
other tests, among which may .be mentioned the bending test. This, like 
the squeezing test, can be applied to such articles only as possess the 
requisite shape, e.g., tubes, sheet, and the like. It consistp.jn bending the 
article (holding it in a vice, if necessary) so ^that one pare is bent over 
towards the other through a right angle at least, and examining the 
deposit on the surface of the bent portion'for fractures. A form of the 
test was used for testing galvanized wire by I. Szirmay.^ 

Chemical TEps 

These require somewhat fuller treatment, as it is necessary to show 
clearly what eaeli really indicates. 


(a) The Copjier Sulphate Test 

This has been, variously, called»Preecethe Admiralty, and the 
Post Office test. It consists in dij)ping the zinc-coated article in a satur¬ 
ated and neutral solution of copper sulidiate for a certain period of time 
(half-second, one second), taken as the unit, liolding it, after removal 
from the sulphate, under a water taj) giving a flow at lull presshre, and 
noting how many such di])S can be; given before a firmly adherent coat 
of copper becomes deposited upon the iron or steel base. The method 
(as used at the Bureau of Standards, Washington) ^ of preparing the 
copper sulphate solution is as follows : IlG ])arts of commercial copper 
sulphate crystals arc dissolved in 100 parts of water, and then some 
cupric oxide added to mmtralize any free acid. The solution is diluted 
with water till its specific giavity is M8fi at 18° (1. Precautions that 
must be taken <when applying this test are : the zinc must bc^^,ee from 
grease, oil, and the like the solution must be quite neutral-^free, that 
is, from mineral acid, e.g., sulphuric; and a careful distiaction must be 
made between the dark, loosely adherent copper that forms on-zinc by 
exchange and which a fast-running stream of water will wash away, 
and the reddish, clean-looking (sometimes bright) deposit of c^^per 
that is fcfiviied, also by exchange, upon iron or steel. It is the late ^liat 
must be looked for. ' Messrs. W^tt and Philip say;® “It is necessary 
te carry out tests by this means with caution, or misleading results will 
be obtained.” The" unit of time often employed is one minut .. is 
stated by the same authorities that the ajnount of zinc required to be 
present on the surface of an electro-galvanized article, so to protect the 
iron or steel that it will withstand one 1-minute dip or 'mmersion in 
the saturated copper sulphate at 15° C., is about 0-166 oz. per square 
foot of suAace, while that required when the hot-process is used is 0-248 
oz. The reason for this difference is said to be the gfeater^purity of the 
electro-deposited zinc. This test has be^n critically examined by several 

1 Vide supra, sub vom. “ Preperticft.” 

“ Bureau of Standards, Ciicufar No. 80, p. 23. 

“ Ekctro-l’lafing, 1902, p. 633. (Crosby, Lockwood & Co.) 
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investigators;* it has been found to mislead, even when carefully 
carried out, and it cannot help misleading, if more is expected of it than 
that it shows whether the zinc is of even thickness all over the surface 
of the plated article. Really it is not necessary to prove this, for one 
knows it a frvii. All, then, the Preece test shows one is whether there 
> are considerable variations of thickness, or whether this is the same, 
approximately, all over the surface of the plated article. It is satisffictory 
for that purpose, and that is all. A few reasons why the test cannot give 
more information are the following: (i) The loosely adherent layer of 
fiopper that commences to bo formed ujam the zinc as soon as immersion 
occurs protects, in varykg measure, the remaining underlying zinc, and 
tiijis causes the velocity of the reaction to be very irregular, so that it is 
quite impossible to say what quantity of zinc is dissolved in a certain 
unit of time. It isT;hereforo, with rough approximation only, true to say 
that one can estimate the weight of zinc per unit area from the number 
of dips given, (ii) The velocity of displacement of copper by zinc depends 
upon (inicr alia) the concent^iou of the copper in the solution. This is 
continually diminishing as co])por is displaced and zinc goes into solution. 
The rate of diminution will vary with such conditions as volume of 
solution employed, temperature, and others. Hence, irregularity occurs 
from these causes also, (iii) The copper forms with zinc a zinc-copper 
couple, which acts (again irregularly) to di.sturb the uniformity of the 
velocity of reaction, (iv) The actual carrying out of the test is not so 
simple as it would appear to be. The copper sulphate solution must 
be neutral; and some investigators find difficulty in distinguishing 
between the loose co])per deposit formed on zinc and the acyicront deposit 
formed on the iron or steel. Moreover, according to Schlotter,^ an 
adherent copper deposit can be formed on the zinc itself, which, therefore, 
does not, in cases, become completely dis.solved or, at any rate, dissolves, 
as to parto^f it, very slowly. • 

It may be added that the copper, sulphate test has been dealt with 
at length here because it has been found that that is the one used, ahnost 
exclusively, in this country, and used without much understanding of its 
value. This is, af a rule, exaggerated ; as a matter of scientific fact, it 
has ver^ little vMue.“ 


(h) The Sulphuric *Acid Test 

ItMSo in consequence of the»unsatisfactory nature of the Preece test 
that C. F. Burgess * proposed the use of a dilute solution of sulphuric 
acid in place of ^copper sulphate.® Schlotter, Halla,® and many others 
have used this solution on account of the uncertain results given by copper 

■For instance, I. Szirmay^ Zeii. /. Slektrochem., 1905, vol. ri. p. sJa^and M. 
Schlotter, op. cit., p. 115. See Note 3 infia. 

^ Op. cit., p. ^ 

• The Preece tesf has been condemned, on account of its irregularities, by a Com¬ 
mittee of the American Society for Testtifg Materials. See Proc. A^i. JSoc. Teal. Mat* 
19U, vol 100, and ibid., 1917, Part I., p, 1^4. 

* SleclrocMm. hvJ Mit Indus., 1905, vol iii. at p. 18. 

• Op. cit, p. 116. * 

* Zeit. f. Elekirochem., 1913, vol xiz. p. 222. 

6 
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Bulphate. Tliis test consists in immersing the galvanized article m 'a 
3'2,per cent. (| Normal) solution of pure sulphuric acid.^ It can be 
used for more accurate work than can the Preece test; but it is sug¬ 
gested that its chief use in the workshop is that, by means of it, one can 
observe the uniformity of the thickness of the zinc deposit much more 
exactly than the Preece test allows. When s^cid of the strength given is 
used, a stream of hydrogen gas is evolved from the surface of a galvanized 
article immersed in it. But as soon as the zinc is dissolved from any 
part of the surface, the evolution of gas ceases there. Thus, one can 
easily tell where the deposit ist thicker, and where it is ■thinner; an^i 
the cessation of the evolution of bubbles is so piarked that small difier- 
ences of thickness (amounting to ho more than a fraction of a thousandth 
of an inch) can be readily detected. As regards more accurate work, toe 
average weight of zinc per unit area, oi; the total weight per unit weight 
of iron, can be determined with considerable accuracy, as can Ife seen 
in Table V., which contains the results of actual determinations made 
in the author’s laboratory. 

■■ TABLE V > 


Weight of Zinc Deposits on smV'G Articles 


Article. 

Weight before 
Stripping 
(Grammes). 

Weight after 
Stripping 
(Grammes). 

Deposit 

(Grammes). 

Remarks. 

Small buckle 

»» »» 

» »» 

f* 

t* M 

ft ft 

. 17-4648 
18-0721 
17-9932 
17-8102 
, 17-6170 

17-7300 , 

' 17-2312 
17-8411 

17 7627 
17-5790 
17-3780 
17-4907 

0-2312 

0-2310 

0-2306 

0-2312 

0-2390 

0-2393 

1 

1 

All these buckles were 
plated at the same 
time in a barrel 
containing a 40 db. 
load. 

French nails 

11-3268 

11-1016 

11-2496' 

11-0240 

0-0772 

0-0766 

• ( 

TTwo^samples from the 
\ same load. 

'■ c< 


(c) The Cawtic Soda Test 

This was proposed by W. E. Walker,® and forms a very useful test 
'of the porosity of a zinc coating. “ If a piece of zinc be placed in a 
strong solution of caustic soda, heated «to about 100° C., ntfScBon is 
noticeable. If, now, the zinc be touched with a piece of iron, hydrogen 
is liberated in meat volume from the iron. That is, irqn in contact with 
zinc in strong, hot, caustic soda is a seat for the formati&i of hydrogen. 
Hence, <’f a piece of galvanized iron free from pin-holes and cracks be 
so treated, no action n; visible ; if the iron be feeposed, Imwever, to even 

1 Such a aolutiou contains 3'2 grms. per 1(W o.c. solution. It can: In made, with suffi¬ 
cient accuracy for its purpose, by measurin^ut 1'7 c.c. of acid (of spec. gray. 1-84) 
<_.aJ making the Tolume up to 100 c.o. with water, 

“Of. RHalU, op. eit * t.. * ' ^ 

“ Proc. Amer. Soc, Test. Jfat, 1909, voL ix. p. 430; Mectrochem-'and Md. Mng., 1909, 
tdL yU. p. 440 (abstract). 
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a minute degree, a fine stream of hydrogen bubbles will be seen arising 
from the surface. Small cracks in the zinc surface may easily be detected 
in the same way.” ^ It can be stated -by the author that this test is 
quite a good one for the purpose it is required to serve—the detection of 
porosity; an(^it can easily be carried out in any plating shop. 

(d) JAe Sah 8]»^ay Test 

As carried out at the Bureau of Standards, Washington, the test 
“ ... is made in an Alberene ^ stone ,box, with a cover and glass sup- 
*ports for the samples. Jhe stone box is inclined so that drops of solution 
collecting on the cover will ruli down uo the edge instead of dripping on 
tte samples. A 20 per cent, solution (by weight) of commercial sodium 
chloride (20 grms.'salt and 80 c.c. water, or 2 lb. salt and 1 gal. water), 
filtered if necessary, is used and, with an air pressure of about 6 or 7 lb. 
•per sq. in., a very fine mist is produced. The compressed air is passed 
through a glass-wool or cotton plug, and then through water to remove 
any dust and to saturate ^e air with water vapour which prevents 
concentration of the salt solution and crystallization'of the salt on the 
tips of the atomizer. A bafile plate is used to prevent the salt spray 
from blowing directly against the test pieces. The samples, after being 
washed 'with gasolene and ether to remove all grease, are placed in the 
spray box in a vertical position on the glass rods or strips. They are 
removed from the bath every twenty-four hours, washed 'with water, 
using a moderately stiff bristle brush,® and after drying carefully exam¬ 
ined for the presence of red or yellow iron rust. The first appearance of 
rust indicates the conclusion of the test, but valuable infdhmation may be 
obtained by continuing the test and observing the extent of the corrosion 
produced by longer exposure.” * The Circular states further : “ The 
salt sprag^est as a measure of the relative valu§ of zinc coatings depends 
on the time required for the complete removal of the zinc at the thiimest 
points, which is usually indicated by the appearance of iron rust. . . . 
Although the salt sprjy test is subject to many objections, it may be 
reg^^ded as the best test for zinc coatings that has yet been devised. It 
is especially useful in determining the relative value of zinc coatings far 
marlnTSkposure. No definite statement can be made about*<ire life of 
zinc coatings in this test, but in generqj a sample showing rust spots in 
less than one day (twenty-four hours) should be regarded as unsatie* 
fact«r*»/,-while a life of two or.three days would indicate a coating that 
could safely be used under mpderate conditions of exposure, and a life 
of at least four to six days should be required for severe conditions of 
exposure.” 

Of the four chemical tests enumerated, the fourth only (th* |alt spray 

,. • 

^ * Proc, Amer,*^oc. I'&Jt 1909, vol. ix. p. 430; EUcirochem. and Met. Eng., 1900, 
Tol. vii. p. 440 (abstract). 

* If i^berene stone is not available^ iitc box may be made of ^Irss, stoneware, por- 
ceJain, water-proofed or any other insoluble and noD'Corrodiblf* material. 
nections sMiulcUbcf^^^iaBB or rubber. 

* Brushing seemsavery inadvisable proceeding—^to ^ author. 

* Bureau of Standard*, Circular No. 
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test) can be said to submit the galvanized articles to conditions in any 
way resembling those to which such goods will be subjected during their 
life. The first three are certaihly much more severe than anything to 
which the zinc will be exposed; number four gives an approximate 
idea as to how articles will behave when exposed to naltoiral corrosion 
agencies such as, for instance, those by which ships and sea-planes will 
be attacked. The spray test is, therefore, to be preferred as the test 
relating to resistance to corrosion; the remaining three should not, 
strictly, be regarded as corrosion tests at all, but as tests indicating the 
uniformity of thickness, purity, f and porosity, of a zinc cibating, while 
numbers two and three are, as well, usefuj meann of enabling the coating 
to be removed for the purpose of weight determinations. 
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CHAPTER VIII 
LEAD 

I T seems appropriate to consider the electro-deposition of lead next 
in order after that of zinc, since the princijial purpose of lead¬ 
plating—as distinct from lead-refining - is protective. A few years ago 
authors of text-bookt'were wont to dismiss the subject (if they mentioned 
it at all) in a few words contained in a later chapter. The reason for this 
is twofold : in the first pl^e, it is only during the last fifteen years or 
so that there has been miiJSn information available relating to the electro¬ 
deposition of lead, and, in the next, information, ^ and when it was 
gamed, had had no time to get into text-books, which, as far as those 
dealing with electro-plating is concerned are, for the most part, of the 
“ paste and scissors ” type. No serious writer on the subject of electro¬ 
plating in general ought, at the present day, to neglect the metal lead. 
It is, almost entirely, to the credit of A.' G. Betts and F. C. Mathers ^ 
that the electro-deposition of lead is, to-day, a comparatively simple 
operation to perform successfully. Moreover, the use of lead for pro¬ 
tective purposes is by no means to be neglected. It ft true that lead, 
like nickel and unlike zinc, is electro-negative to iron, and hence cannot 
protect iron (or steel) as zinc can. But the form in which lead can be 
depositsij., nowadays makes it a good covering for the tfnderlying iron; 
it can and does prevent the access of the agents of corrosion, and thus 
hinders corrosion in the same way as does a varnish and some paints, 
llie advantages of iQpd, as compared with other metals, are : (1) It is 
cheap, as compared with copper or nickel. (2) It is malleable. This 
epp.1 %^ artictes to be “ worked,” after the lead coating has been ^jut 
on, without such risk of fracture sRid, consequently, expO^Sle of the 
subjacent iron as exists in the case^of most other metals. (3) Lead 
is much more resistant to acid fumes and similar corrosives than copper 
an^ ev*i nickel. It is for this reason that lead is employed in chemical 
works and laboratories. A» compared with zinc, lead has one great 
disadvantage., While it is as cheap or even cheaper than zinc, and much 
more malleable, it has no inherent capacity to protect iron. If the lead 
coating contains cracks or holes, the subjacent iron or sl*el will rust, 
whereas a zipc coatin^wdl protect the underlying metal, even though it 
•contain fine csacks or very small holes. W. Lange * has recently published 
some results he obtained when investigating the res^tance of meet iron 
coated/rith l^ad, tin, and aluminium respectively. He found tha^^d 
electro-depoBitiB&*from aeid solutions (phenol sulphonic or fiuosilicic), 

' Vide poet. ' Zeit. MetoMhunie, 1921, vol. ziii. p. 267. 

»5 



86 


MODERN ELECTRO PLATING 


showed good resistance to corrosion in both ta^ water and half per cent.’ 
salt solution; but he found that, while lead deposited from add solutions 
protects the underlying iron better than that sprayed on by Schoop’s 
process, yet the protection of the iron from rusting obtained for com¬ 
paratively short periods of time—the comparison being the period 
of protection afforded by 2 dnc coatings. 


APPLICATIONS 

t 

Already, some years before the late^ war, ?ead-plating had com¬ 
menced to come into use, in this country, for coating nuts, screws, and 
other accumulator parts. These goods were often made of brass, and it 
was found quite easy to lead-plate such sipall articles in bulk—^in baskets, 
for instance, properly wired for the purpose. This method saved the 
labour and expense of separately wiring the articles. The war has un¬ 
doubtedly urged forward the claims of lead d«.^osition ; but it is too much 
to say that “ lead-pjating was one of th(?fie industries wMch were developed 
as a commercial possibility as the result of military need.” ^ A number 
of applications of lead-plating were mentioned by. A. G. Reeve and others ® 
in a paper presented some little while ago to the American pJectro- 
chemica! Society. It may be helpful and suggestive to draw attention 
to them here. Reeve describes the electro-deposition of lead upon the 
inside of 4'7 inch (and other calibre) shells. Catalyser boxes, having an 
inside surface of 50 sq. ft. or more, have been plated with as much as 
276 lb. of lead, y^hich represents a thickness equal to about seven-hun¬ 
dredths of an inch. Another application has been to lead-plate the 
interior of common shell in order to bring an under-weight shell wp to 
standard. This is analogous to the “ building up ” work done with iron. 
G. B. Hogaboom * states that “ in butt-welding of the boostw^'base on 
to the adapter, there was some thought that there might be an oxide of 
iron formed, and that would be attacked by the phosgehe gas. Lead 
coatings are not attacked by the gas. Also, in the adapter, t£e lead 
coating on the threads acted as a gashet, and that was found to be quite 
valuable.^^“ If you have unions” (he proceeds), “ and‘want ^i,gocd, 
tight joint, it would be well to pla'te lead on the threads and then put 
on the caps of your unions. If forms a good gasket.” This appears to be 
qiHte a useful suggestion. Chemical ware and works plant is now being, 
more and more, electro-plated with lead. L. Bradley * mentioffi, as an 
instance of the usefulness of lead deposition in this connection, a case 
where iron pails which were used for handling 30 per eent. sulphuric 
acid were found by him to have remained perfect after sev^-frl- months’ 
usage. Tlie •applications just mentioned are interesting in themselves, 
but they are stul more so in that they are, most*bf tjiem, suggestive bf 
others. It is, for instance, a matter of operation difficulty only that* 
would prevent the inside surfaces of iron piping for use in chemical works 

* W. Blum, Tram. Am. Slectroebem. 8oe. ’, 1919, voL M5. , 

• Tram. Am. Blectroehyn. 8oe., 1919, vol. xxxv. p. 889. * 

•/Mi.,p.S99. */6«..p.398. 
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being lead-plated by electro-deposition. It may be said in general that 
where there is a proposal to electro-deposit one metal on another, in order 
to protect that other from corrosion, it would always be as well to consider 
whether lead would not be the most useful and most economical metal 
to deposit, fef^rill, indeed, seldom be found preferable to zinc ; but there 
are few caseSln which it would not be preferable to other common metals, 
and there are quite a number where lead, and lead alone, can be employed 
to the best advantage. There is, however, one matter which must not 
be neglected when a decision has to be reached, and it is a serious one. 
As A. G. Betts has pointed out,i commercial iron and steel often contain 
“ imperfections in the shape of partictes of grit or slag, some of which 
show on the surface an^ do ntt take *he (lead) coating, with the result 
tliat there are pin-holes in the coatings at which corrosion starts.” Em¬ 
phasis is laid on this point here, because it has been neglected or ignored 
by the altogether too sanguine "fecommendations of several investigators 
who have done a little laboratory work in connection with electro- 
deposition, but h.ave no considerable works experienee. Much harm 
is done by such people todhe true-interests of electro-metallurgy. 

o 


PROPERTIES 

Like other electro-deposited metals, lead has—often—different pro¬ 
perties when deposited from one solution than it possesses when deposited 
from another. Current density and other conditions of deposition also 
influence the properties of the depo.sited metal. It may be light grey 
in colour, or it may be almost black, or, again, it may have almost any 
shade of colour intermediate between the two. The metal may be deposited 
as a dense sheet or as loosely adherent (skeleton) crystals, wmch, at 
times, j^grow individually so as to stretch across the baih from cathode 
to anode and cause a short circuit. It raa^, again, be deposited as 
“ sponge,” similar in aspect to zinc “ sponge.” The deposit is sometimes 
-h&M asid brittle, sometimes soft and malleable. In this respect the 
composition of«bhe bath'is of great ipiportance ; for it is not uncommon 
to find that, though two deposits formed in different baths, but under 
th*e s’Snfh current and other deposition conditions, may look e<^u«lly cffie- 
grained and smooth, one is brittle, while the other is malleable. The 
difference of composition may be no more than a difference of the “ ad^i- 
ticSi agejit ” which is present in the solutions.^ The specific gravity of 
electrolytic lead, deposited f^om baths of different composition, has been 
found by Betts to vary between 11’20 and 11‘39, being usually in the 
neighbour!''^ of 1P35.* The porosity of deposited lead vanes also. 
W. Blum states that a thickness of 0'003 in. is sufficient to give an 
impermeable coating «f lead, where the metal is deposi^ech from the 
•fiiuoborate bath, though he cautiously adds that if the deposit is to with- 

* Trane. Am. Mketrochem. Soe., vhf xxxvi. at p. 267. • 

* Cf.ti'. CaJ ^t-here , ibid., p. 266. „ 

* W. Blum hirJIVen U-S as true specific gravity oi lead deposited from fluoborats 

■olutiona. • 
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stand corrosive liquids, deposits of 0'06 in., or more, may be necessary. 
The resistance offered by lead to corroding agents is well known; but 
it should be mentioned that H. Rodman ^ has stated that he found that 
though lead deposited from Betts’ solution “ is somewhat stiffer and, 
therefore, better from a mechanical point of view, it is ajparently more 
liable to chemical and electro-chemical attack ” than wdinary lead. 
“ This characteristic,” says Rodman, “ rendeVs it peculiarly unsuitabJe 
for Plant6 positive plates where the densest and most resistant lead is 
necessary.” It does not, of course, follow that lead deposited frona 
another solution than Betts’ would bo subject to the same Refect. 


LEAD-PLATING SOLUTIONS i 

Three lead-plating baths are available. Two of them have proved * 
their worth in works 21 ^ 01106 ; the third, which has only lately been 
worked out (and only 2 >artially so), i\ at pf«>?,“.nt, one of the laboratory 
class. The first t^vo baths are: (1) F. C. Mather’s perchlorate bath,^ 
and (2) A. G. Betts’ silico-fluoride solution.^ The third is a fluoborate 
solution, which, one must presume, is so caKed because it contains 
hydrofluoric and boric acids.^ That, at any rate, is the only reason one 
can imagine for the name: certainly, the “ inventors ” nowhere show 
that the bath consists essentially of fluoborate, and it is, indeed, very 
doubtful if they know that it does.® The author does not consider this 
third bath to be sufficiently established to render its adoption (on any 
large scale) in works practice desirable at present. In so far as laboratory 
knowledge is concerned, it carries one little further than the work of 
previous investigators—work which appears to have been neglected 
by Blum and tfioae working with him. All three baths have ^is char¬ 
acteristic in common—they all contain an organic addition s^ent. In 
this respect they resemble every othfer lead-plating bath,from which a 
dense, smooth de 2 )Osit is obtainable. Unless some substance, such 6s 
glue, peptone, clove oil, or the like, is present ijS a'lead-glating solution, 
a useful deposit of lead cannot be obtained. Another comiyion character¬ 
istic of sio^t, if not all, useful lea^^l-plating baths is that they*WKit8lin 
free acid. The acid employed varies from bath to bath, but it is usually 
a^ember of the class known as “Itrong ” acids, one, that is to say, that 
is well ionized in solution.® The fact that these two kinds of constituen.ts 
are always, or nearly always, present in Mod lead-plating baths is an 
important one for those to note who desire to make up a bath for them¬ 
selves. 

^ Trans. Am. Eledrochem. Soc., 1909, vol. xv. p. 433. 

• Ibid., lOlOf vol. xvij. p. 261. 

• A full account of Betts’ work will be found in Lead Rejinitw by BUetrolysis, lOdS. 

(J. Wiley & ^ns, N^ew York.) , ‘ 

* W. Blum (and co.workcrs), op. oil., pp. 247 and 248. 

* See W. Blum, Traas. Am. Electrochem. Soc." 1921, sub “ The Use of Fluorides in 

SoJiitiuns for Nickel Deposition,” and W. E. Hughes, “ Recent Progress in Nipkel-jlating,” 
Electrician, May 13, 1921. * ' “ 

•Cft A. G. Betts, Trans. Am. Electrochem, 8oc„ 1910, vol. xvii. p. 272. 
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MATHEfts’ PeEOHLOEATE BaTH 
(a) Compositim 

The compo^tion that can be employed is evidently variable, since 
Mathers himsSlf has recommended more than one, and the author has 
used, with equally good results, a bath of a composition different, as 
regards quantities, from any* given by Mathers, though essentially the 
same as his perchlorate solution. Mathers gives as the compositions of 
two baths employed by him ^: (i) 4-5 per cent, perchloric acid, 5-4 per 
cent, lead, and 0'06 per cent, peptone ;* and (ii) 6-1 per cent, acid, 7-13 
per cent, lead, and 0-06 per ctJt. peptone. In a later paper,* Mathers 
states that lead acetate can replace lead perchlorate, and ammonium 
(or sodium) perchterate and glue can be used in place of the acid and 
peptone. Still later,® Mathers nas stated that “ clove oil in the per- 
*chlorate bath gives a splendid, solid, smooth, finely crystalline deposit.” 
The composition of a bath ^ that has been successfully used by the 
author is as follows : 0 Ib^ lead per,chlorate, 3 lb. perchloric acid (sp. gr. 
1-260), 1 oz. peptone, and 12 gals, of water. It shouid be noted parti¬ 
cularly that lead acetate can be used in place of the perchlorate, the 
other components remaiding the same. This fact lessens the original 
coat of the bath ; and the author has found that the substitution in no 
way interferes with the smooth working of the bath or causes any deteri¬ 
oration in the good qualities of the lead deposit. In addition to vari¬ 
ability, the bath possesses the attribute of simplicity. There are three 
components only ; and, if lead perchlorate is used, only, at most—apart 
from possible complex ions—three ions, namely, the lead and hydrogen 
(both of them cations), and the perchloranion. The function of each 
constituent is fairly clear. The lead salt supplies the metal; the per¬ 
chloric af.'d (or ammonium or sodium perchlorate, where either of these is 
used) acts as a “ conducting salt,” and, as w?ll, as an agent whereby 
the grain-size of the deposit is cut down or diminished; and the peptone 
as*an ‘'•addition agent.” which enables a smooth, dense deposit to be 
obtained from baths that,^' without it, jrould yield only deposits formed of 
loosely-packed •and, often, large grains.* The bath conducts well. 
Th? anoJe and cathode efficiencies ara very close to 100 per aei*.® 'I'he 
bath is stable—does not change, that is to say, in composition on standing 
or with use: its composition remains, within working limits, constant 
MaMiers Kays (op. cit, Note ^0): “ The perchlorate baths, which had 
been used for months, did npt give any test for chlorides with silver 
nitrate. This shows that there is no loss of perchloric acid by slight 
*r4(u ction, ” ^Mathers has c ’ ■* determined that the loss of acid amounts 
to ofSly^’-4 lb. per ton of leau ■>ited. The author would prefer to use 
th^term “ deficiency ” •ather than “ loss ” (of acid); it is very*probably 

* * Trana, Am. SkCtrochem. Soc., 1910, vol. xvii. p. 268. 

“ Ibid., 1913, vol. xxiv. p. 315. 

• Ibid., 1919, Toi. xxxvi. p. 266. * 

* wW >-" 1 ^.. CT said in regard to the action (or function) of “ addition agents'Ih 
Chapter VH. (2Sn»)i,^^lies here also. 

‘ Trans. Am. Eltctrochem. Soc., 1910, vol. xvii. p. 26*. 
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due to the bath as a whole becoming, in cour$^ of usage, less concentrated 
in consequence of the removal of solution on the plated articles and the 
intr^uction of water on the articles when suspended in the bath for 
platmg. The deficiency can, of course, be easily made up from time to 
time by additions of acid, when this is seen to be necessarjll; the necessity 
is evident from the increase of voltage necessifry to work ftie bath, from 
considerable variations in the thickness of the deposit over the surface 
of the articles (including absence or thinntes of deposit in hollow parts 
of the surface), and from “ current marks.” in the surface of the deposit 
itself. Addition agent is carried over into and included indhe depositee^ 
metal; that is an easily demonstrable ff^ct. 'Vyhen the amount of this 
present diminishes below a certain netvf-ssary minimum,'^ the deport 
becomes obviously crystalline, and less dense and smooth; but an addi¬ 
tion of a small amount of the addition agent restored the deposit to its 
former consistence. Mathers says : “ Die peptone is gradually used up, 
and after about four days, a quantity equal to the original amount should* 
be added.” The author found that ratlin less was required. Those 
desirous of depositmg lead are urged to olfeain and consult Mathers’ 
original paper: 'f'Electro-deposition of Lead from Perchlorate Baths.” 
It is to be found in the Transactions of the American Electrochemical 
Society, 1910, vol. xvii. ‘ 


Q)) l^orkiny Conditions 

Mathers states that a current density of 18 to 20 amp./ft.* may be 
used ; but it is suggested, as the outcome of experience, that 10 amp./ft.^ 
is a good current density to employ for continuous deposition. The bath 
is worked at the ordinary temperature —60° to 70° Fahr. Anodes: These 
should be of good sheet lead. The anode surface should be large: a 
thickness of ofie-tenth of.an inch is sufficient. 


(c) Operation 

« 

^ No special rules are necessary to operate the bath. Ass in all ^ting, 
care shtinld be taken to “ strike ’i the articles quickly. In the case of 
articles made of iron and steel, it^has been found advisable to coat them 
lightly with copper in a cyanide bath (and then swiU them well in running 
water) before suspending them in the lead-,plating solution. This engbres 
adhesion. The anodes will appear crystalline after the bath has been 
working for some little time. This is as it should be. If the anodes 
become covered with slime, then either they are impime,v>T the (jpth' 
contains to^ little free acid and more must be added, little by little. As 
above indicated, if the deposit becomes visibly crystalline, joiore peptme 
is necessary. Mathers states that clove oil gives an‘even, better deposit 
than peptone; but the author’s expejjepce is with the latter, and he 
c^^affirm that excellent results are obtained with that substance (pep- 
“ tone) as addition agent. • . ‘ 

* * Cf. B. Marc, ZAt. f. Ekktrochem., 1013, vol. xix. p. 431. 
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{d) Deposit 

The deposit obtained from Mathers’ bath has a light grey colour. 
Deposits up to 0-024 in. can easily be obtained, possessing a surface that 
is very smooth. * The metal appears to the eye to be structureless; but 
under the microscope it ha# a structure that is of great interest. This 
subject has been investigated by the author.^ The deposited lead is 
maUeable and ductile, and fhese, as mdicated above, are important 
properties. At the same time, it is doubtful whether the deposit is ever 
^emically pure. Every sample tested by the author has been found 
to contain organic matte# (derived from the peptone, most probably); 
it,'presence can be made a malter of ocufer demonsrfation. The total 
amount of impurity does not, however, amount to more than some 
small fraction of 1 per cent., and there is very little (if any) likelihood 
of the small amount of impurity present being any detriment to the 
lead deposited for protective purposes. For instance, some samples 
of steel tube which were plated seven years ago and of which no special 
care has been taken are enrfrely frefc from rust to-day, so far as can be 
seen with a hand lens. If the dejiosit should at anjf time during its 
formation appear to the pye to be crystalline, more peptone must be 
added to the solution. 

Betts’ Fluosiltcate Solution ^ 

PRELIMINARY REMARKS 

This bath was patented and first described in 1901. From that time 
it has become more and more used as a means of refining lead. It was, 
indeed, the only one, of practical use for that purpose, that was known 
until published his work. The solution has been closely investi¬ 

gated by H'. Senn,® whose conclusions, as an independent investigator, 
are important. Stated generally, they are as follows : (i) Lead can be 
elecirolyttcally refined m hydrofluosilicic acid solution, plates of coherent 
metal being obtained, (ii)'' Addition o^ gelatine to the electrolyte hinders 
the formation cf individual crystals or stars of crystals. 0-1 gm./lit. 
is a suxta&e quantity of gelatine to uae ; the use of a larger^raeunfTs 
needless, as the beneficial influence on t^e deposit is not increased by the 
excess, (iii) The conditions for good deposits are : Composition : hydro* 
fluoStlicic -acid, about 11 per gent.; metal content, 4 to 8 pr cent.; 
gelatin 0-1 gm./lit. Owreirf dejjsit?/, 0-5 to 1 amp./ft.^ In Senn’s opinion, 
the metal is present as a constituent of lead silicofluoride. To make his 
Eolation,.hf diluted 33 per cent, hydrofluosilicic acid solution to 20® B6., 
and careMly neutralized any sulphuric or hydrofluoric adds present 
witk lead caijjonate. Ihe solution was then treated with 12&3 grms. 
of lead carbonqjie peir litre, in order to obtain a solution containing 100 

'■Jour. Phyt. Clem., 1922, vol. xiri.f. 316. 

* Amer. Pat. No. 679,824 (1901). A somewhat later patent, N6. 713,277 (1902), con* 
tains somwjurthis^rj^ulars. This patent seems to be in all respects the same as^(# 
718,278of thesameyear^l902). Vide b,Uo JSlectrochem. a ^ Met, Indus.A90S. vol. i. n. i7. 

• Zeit. f. Elekrochem., iW6, vol. xi, p. 229. 
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grms. of lead (metal) per litre, (iv) Senn concluded that to emmloy a 
more dilate solution than that just deacribed, or a greater current density 
than that mentioned, proved harmful to the deposit. He obtained deposits 
2 mm. thick. 

It may be added that M. Schlotter says ^ that “ hsing a solution 
containing gelatine, the current density caij be raised td 2-6 amp./ft.®, > 
if the concentration of the electrol)rte be 22° B6., without outgrowths 
being formed.” This, however, only applieu to plating purposes as distinct 
from refining. The present author has done a considerable amount .of 
work with Betts’ solution and has obtained some good deposits from it^ 
but two chief difficulties.have’been experienced, namely (i) those of a 
practical kind, which were met* with ^en inaldng up a bath of tpy 
considerable quantity—80 or 100 gals, or more; and (ii) those arismg 
from the silica which was found to separate during' the working of the 
solution or even when it remained unemployed. It was found that, at 
times, the silica interfered with the formation of a smooth reguline deposit') 
and even hindered the free passage of the current. 

The opinions and experiences ofasome independent workers with the 
Betts solution have been given in the foregoing, and, incidentally, details 
of composition and working conditions have been stated. It will, however, 
be advisable to follow the course taken in former chapters in connection 
with the electro-deposition of iron, nickel, and zinc, and consider the 
Betls solution in relation to each of the subject matters mentioned. In 
the present instance, the deuaUs given will be, for the most part, those 
given by the inventor of the bath himself. 

(o) Composition 

Curiously enough, Betts docs not state in the 1902 patent the com¬ 
position of tke solution he used. He says only: “To cwry mt my 
invention, I employ any suitable electrolyte—such as, for example, a 
solution of a lead salt of a fluorin acid. To the electrolyte is added a 
miantity of a reducing agent, which I have found materially improves 
the deposited lead. Among the substances which I have found available 
for such purpose are gelatine, p 3 rrogallo] ...” Nor is a solution of 
detiniW'composition recommended in what appears to be the "originAi 
patent of 1901.® But it is statqd in this that: “ The relative amounts 
f>f lead fluosilicate and fluosilicic acid in the solution may vary according 
to the amount of work required to be accomplished by a given espenditure 
of power. 16 per cent, of lead fluosilicatein the solution will be sufficient 
for all strengths of current up to the practical limit. When for economical 
reasons it is desirable to have a minimum electrical resist 8 ,n( 5 e_^ ihS 
solution, tljie proportion of fluosilicic acid only should be increased, as 
the aci^ conducts better than the salt.” In offfier words,. Betts claims 
that the proportions of the inMedients are variable) an(| that they ms^' 
be varied according to the end requir^, Such variability is always an 
as^t in a plating solution. In the description given by Betts of the 
process in opeAtion at the Canadian Smelting Woriffl'jitliail)'British 
‘ Qatvanostegie, 1910, IVil 1, p. 20. • Tliat is. No. 679,824. 
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Columbia,^ tbe method of pjeparing the solution is too complicated for 
adoption in plating-shop practice. But in a later paper by Betts himself 
and E. E. Kem,® results obtained from two electrolytes are given, namely 
(i) 13'5 per cent, lead fluosilicate (PbSiPj) and 6-6 per cent, free hydro- 
fiuosilicic acid ^HjSiFj), and (ii) 8’6 per cent, of the lead salt and 2-5 
per cent, of the free acid.^ The advantage of the more concentrated 
electrolyte is that, with it, higher current densities can be used.® The 
amount of gelatin used was, iit both cases, 1 grm. to 2000 c.c. of'solution, 
which equids (approximately) 2| grms. per gal. Since solutions of the 
Ipregoing compositions were employed for couloraeter work, one may 
assume that they satisfy^ all the needs df an ordinary plating bath. As 
a fact, the author has used solutions basedjon the above figures, namely, 
a bath having the composition 131’5 grms. lead fluosilicate, 61’5 grms. 
free acid, 0'6 grm. gtlatin, and 1 lit. water, and obtained excellent deposits 
from it. ' 

(5) Worhiruj Conditions 

These are given by Batts in the ])atent specifications of 1901 and 
1902. They are as follows ; Current density, 10 to 20 tmp./ft.® (8 to 16 
amp./ft.® were used in the coulometer work); Temperature, ordinary; 
and Ano^, a good quality of refined lead. 

(c) Operation^ 

The Betts solution has obtained extensive employment as a means 
for refining lead. The author is informed by the management of the 
Consolidated and Mining Company of Trail, British Columbia, that 
lead-refining by the Betts process is being carried on at Trail. “ The 
plant installed here was the first of its kind built anywhere, though there 
are sw«»al.pthers operating in the United States now.” The plant has, 
at present, an output capacity of 110 tons of fefined lead per day. It 
would se^ra, therefore, that the operation of the bath for refining purposes 
is a straightforward pijictical proposition. Nevertheless, the author has 
not found the solution easy to control,a3 a plating bath. It may be that 
there ^are some^ details of practice to be observed in working the bath 
Vhich are unknown to him, and the observance of which enable tfee good 
deposits, which can be, without doubt, obtained from the solution, to 
be regularly and consistently produced. It may be that the bath 
ond’of that type that it is necqssary to become thoroughly familiar with, 
as regards its working, before the best results are to be got from it in 
works practice.* However this may be, the operation of the fluosilicate 
titj) ia.,(igjtc.inly more difficult than is that of the perchlorate. Not only 
doe&‘the gelatine become gradually used up and, hence,^have to be 
replaced, but, as has been already stated and as is again insisbsd upon, 

* * Eleetrochem. «fid Met. Indus., 1903, vol. i. p. 407. 

• “ The Lead Voltameter,” Trans..Electrodiem. Soe., 1904, voL vi. p. 67. 

• Betts and Kem, op. cO., p. 78. • 

• Tht*e ii,i» mil 1i baths. A man aooiiatomed to silver-plating only would pro^ 
»Wy meet many troubfes in working a brass-plating solution or, even, some tinplating 
baths. 
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it is found that colloidal silica separates in the solution, especially if the 
solution be allowed to remain unused for any considerable length of time. 
Such, at least, is the author’s experience, and H. Senn mentions the 
same fault.^ As a consequence of separation of silica, the anodes may 
become “ clogged ” by deposits of it upon them; sujh deposits will 
diminish the conductance of the solution as a whole, and they will, further, 
lessen the area of free anode surface. Another consequence is that some 
of the silica, floating about in the solution, will settle upon the cathodes 
and become incorporated in the deposits, thereby changing their physigal 
properties. Another matter connected with the operation pf Betts, bath 
is this—^the constancy and uniformity of the composition of the bath ifc. 
action are certainly not equal, to those ^ the perchlorate bath, and this 
becomes a source of difficulty in a plating shop. The limits of workmg 
are,_however, wide, which is always an advantage is a solution. A too 
high current density is indicated by'the depo.sit assinning a silvery- 
white appearance, and excessive current density has the effect also of 
making the deposit harder and more brittle.* The anodes appear to 
dissolve well, and this, again, is a good ])oint. The sufficiency of the 
gelatin content cjf.n be known from the microscopic aspect of the deposit. 
It is stated by Betts and Kern * that “ With age and by u.se the gelatine 
slowly loses its reducing property. The ajjpearance of the deposit 
indicates when more gelatine is needed, so that as long as the deposit forms 
smooth and non-crystalline, none need be added. The gelatine is added 
by dissolving a small quantity in hot water and adding it directly to the 
electrolyte. The moment it is added the crystallization of the lead is 
prevented.” This passage from Betts and Kern is cited in full with a view 
to pointing out—especially—that the practice of adding a substance 
directly to a plating solution and in a haphazard quantity, is a thoroughly 
bad one. It is a practice which often brings about serious difficulties. 
The method d^sscribed in Chapter IV. should always be adopted. j.More- 
over, it is not accurate tO say that the moment the gelatine Ik added the 
crystallization is prevented. As his been stated before,* the effect of 
an addition to a plating bath (especially one of 200 or 300'-gals.' in 
amount) always requires time to show itself, it is because workers will 
not remember this fact that, because of addition of excessive quantity, 
a Inedicn^becomes a poison. Npt once nor twice only, in thh affthbr’s 
experience, has failure to grasp the importance of this fact been found 
to be responsible for serious Jiating troubles in the shop. In one 
instance a bath of 500 gals, of nickel solution had to be thrown away as 
a consequence. ^ 

(d) Deposit 

The deposit from the Betts bath is smooth and dense, lighf m 
colour. aiid,‘"under the best conditions, free from outgrowths and nodiileB. 
It is, to the eye, non-crystalline. As already stated, it it is seen to become 

* Op. at., p. 246, Result 6. 

' Cf. Amur. Put. No. 713,277 or No. 713,278. 

• Op. eU. ' 

‘ Chapter IV., set turn. “ The Upkeep of the SSolution." 
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crystalline during deposition, more gelatine must be added. Betts and 
Kem ^ say that the deposit Ml always remain non-crystalline in appear¬ 
ance so long as the solution contains about 1 part of gelatin by weight 
in 2000 to 4000 parts of solution. 


MiCRO-STRUCTURE 

t 

, Very little indeed is known about the micro-structure of electro- 
deposited lea,(i. While considerable attention has been paid of late 
lio the structures to be found .in othe? deposited metals, that of lead 
has remained uninvestijated. / One reason for this may be that the 
preparation of polished and etcWd sections of the metal for examination 
under the microscope is difficult. In fact, it is not too much to say that 
no general method of polishing an.l etching lead, whether electro-deposited 
•or other, has, as yet, been developed. Another difficulty met with 
consists in the deposition of the metal in a form that will permit of 
polishing and etching at alb Unles^ addition agents are employed, dense, 
coherent deposits cannot, by present-day methods, (.be obtained—^the 
deposit consists of a mass of loosely adherent skeleton crystals. On the 
other hand, if addition agbnts are used and a dense, homogeneous deposit 
formed, then the structure is so minute that the preparation of a polished 
and etched section becomes a process of still greater difficulty. M(SW>Ver, 
variations of crystal (grain) size with va-iations in the conditions of 
deposition appear to be less marked when addition agents are employed. 
That is a fact of note for ite own sake. One line of attack that has yielded 
results of some promise consists in omitting the polishing operation 
altogether and etching the unpolished surface of the deposit by electrolytic 
means. A photograph of the unpolished, but etched surface of ordinary 
sheetj^d ,is shown in a contribution from the present .author to the 
discussion 6n a paper on “ The Electrolytic Etching of Metals,” read by 
P. Adcock before the Institute of “Metals.^ The grain structure is well 
se^ in*he micrograph. Application of the method has been made to 
electro-depositei lead*also; and observation of the etched surface 
of the metal with the microscope discloses a structure of great interest, 
obu? one Which it is, at present, difficult; to interpret. , 

The study of the micro-structure of electro-deposited lead is, though 
diffiev^t, one which will, almost certSinly, yield information of very- 
great intejest, and the results of it would, it is believed, be such as could, 
many of them, be put to gooS use in the workshops. There is here an 
almost untouched field of research. 


TESTING 

Many of the tests applicable ^ zinc deposits can be made to ascertain 
the value of deposited lead. Its value will, in most cases, bo dir^tly 
propotVioMd SU^ncKvering power, by which is meant its power or capacity *■ 
* Op. at. • Jour. Inat. MttaU, 19il, No. 2, voL ixvi. p. 
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to cover up the underlying metal so as to prevent access to it of moist 
pir or other corroding agents. The deposited lead functions in just the 
same way as does a paint or varnish. Hence, porosity of the lead coating 
will be a great detriment, and tests should be directed to determining 
this.^ A simple test for pin-holes, cracks, and other dSscontinuities in 
the deposited metal—a test particularly applicable to ifletals such as 
lead, which are electro-negative to iron—is the following; Immerse 
the sample in a 1 per cent, solution of sodbm ferricyanide in 2 per cent, 
sulphuric acid. If a blue precipitate appears at any part of the surface, 
a hole (or crack) in the surface is indicated.^ The Bureau, of Standards^ 
Washington, states that acetic Scid can ,be used for sulphuric, but that, 
in such case, the action is slo\;eri’ \ “ 


REFEREMCES 

W. E. Hughss.—“ Studies on tho Electro-deposition of Lead from Mather’s Per¬ 
chlorate Bath. I. The Structure of the Deposit,” Jour. Phys. Chem,, 1922, vol. 
xxvi. p. 316. 

Note .—An interesting criticism of the foregoing chapter has recently appeared 
in the Zeif. f. MeJallkmde., 1922, vol. liv. p. 210. Do. Breuiung is ita author. 

' See Chapter VII., Zinc. 

’’’ T,ie author has used this test for many years past in coimection with nickel-plated 
iron and steel goods, and found it yery reliable. 

• Bureau of Standards, Circular No. 80,1919. 



C^APTEE IX 

TIN AND CHROMIUM 

( * 

T he electro-depositidh of t«'ji is cf» cjjnsiderable importance to en¬ 
gineers ; but a mistaken idea that seems prevalent in regard to it 
needs to be pointed out. Just as nickel-plating is supposed by some 
people to prevent corrosion or resting of the iron or steel underlying it, 
•so is tin-plating. H. Altpeter * points out the falsity of this idea. He 
states that, while zinc serves both to protect and to improve the look 
of the iron or steel goods (.on wticji it is deposited, tin serves only the 
latter purpose. This, however, is too extreme a vievfe for a deposit of 
tin will certainly in some measure protect the iron or steel; but it must 
always be borne in mmd*that, in so far as tin affords any protection, it 
does so fc .1 the same reason as nickel does. It is, indeed, mor&effective— 
as a rule—than nickel, because it more completely covers the or 
steel on which it is deposited. The solutions used for tin-plating are, 
usually, much better conductors than nickel-plating baths, and they 
“ throw ” ® into the hollows and crevices of the surfaces of the objects 
to be plated much better than do nickel-plating solutions. Hence the 
covering of tin over the iron or steel is much more nearly continuous 
than that of nickel, and thus there are fewer points of attack for the 
agent| 4 jf (jorrosion to work at. But tin, like lead and jiickel, has no 
inherent p.5perty to assist it to protect iron: * like these metals, tin is 
electro-negativ(j to iron, and it wilf only protect iron or steel in places 
wh»re it completely covers it, and so prevents the access of moist air. 
Tin is, however,,more Resistant than zinc to fumes and gases that may 
be present in tl^e atmosphere, but it is less resistant than lead or nickel, 
lit ‘Inay W said, in general, that the *)rder of value of thes^ miteJ^as 
protectors of iron and steel from corrosion is; zinc, lead, tin, nickel, 
zinc beim? the most efficient, nickel thef least.® 



USES AND APPLICATIONS 

J' 'PfS -saes to which the process of tin deposition can be put are not 
so yell known as they |hould be. It can be applied to tiff-plying the 
^t trays and moulds used in chocolate factories and in works m which 
^ SMI u. Eiaen^ 1916, vol. xxxvi. p. 780. 

*ThjB expiession—“to throw”—^is% term frequently heant iu the plating shop. 
It is used of fxith solutions and deposits. “ A solution does not throw well,” means Ahaf^ 
it is difflMilMC p&k with it the interiors of hdles or cracks in objects. 

*Cf. W, Lange,* Zeit./. Uetallkunde, 1921, vol. xiii.^. 267. 

7 
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articles of diet, such as jellies and the like, are made. In these cases 
the moulds are, after being “ electro-tinned,” Scratch-brushed, “ quicked ” 
in a solution of a salt of mercury,^ and again scratch-brushed. The result 
is a bright surface. The purpose of the “ quicking ” is to prevent the 
chocolate or jelly from adhering to the mould on cooling, .nd thus enable 
the cakes of these goods to be separated from the moulds wi^3iout fracture 
and with a clean surface. Biscuit manufacturers use the tin-deposition 
process to renovate the biscuit boxes (of ^tinned iron) that have been 
returned to the factory after circulation. Another use, for a purpose 
similar to that last mentioned, is that of re-tinning by electrolysis tKe 
pots and pans used for culinary purposes. If such articles are well 
cleaned, and then electro-timed and *scratch-brushed, they present 
quite a good— indeed, almost new—appearance. Several gasworks 
throughout the country seemed inclined, in pre-war days, to encourage 
this method of renovation. It would certainly “ pay ”, at the present 
time, and there would probably be less difiiculty now in overcoming 
that prejudice and ultra-conservatism which has always opposed the 
progress of electrolytic methods in,this country. Electro-tinning has 
been, and is still, used to deposit tin on such classes of goods as lamps 
and lamp fittings, gas brackets, buckles, and th(! like. Fenders, bed¬ 
steads, fire-screens, and other metal furnishii.gs are often so treated.® 
The object in these cases is to depo.sit a metal on the base m-'tal—iron, 
bra»'i,‘t)r other—that will be cheaper than silver and yet can be “ oxi¬ 
dized,” so as to appear like “ oxidized ” silver. A skilful metal colourer 
or bronzer can produce some very beautiful relief effects by this method, 
and it requires very close inspection to distinguish the “ finish ” from that 
of “ oxidized ’’.silver.® The use of tin for silver has at least one advantage 
in respect to the finished article : the tin will not tarnish as easily as wdl 
silver, if the lacquer should wear off.® 


PROPERTIES 

Electro-deposited tin is, usually, of a dull white colour, even though 
deposited from a solution containing a colloid—for instance, gelatine.® 
TLi.. fact has undoubtedly militated against the developmcrt of .th^ 
electro-tinning process. As W. Pfanhauser says ; ® “ It has so far proved 
impossible to produce, elcctrolytically, a tin deposit which can be taken 
but of the bath in a bright condition.” It is always necessary to 8cra,tch- 

^ A suitable “ quick ” is made as follows: Dissolve 5 to 10 grins, of cyanide of mercury 
or of metcuric chloride (corrosive sublimate), and double that quantity of potassium 
cyanide in a little water, and make up the volume to 1 litre. (A. Brochet, Manuel pratique 
de galvanoplastie, 1908, p. 140 ; Baillitre et fils, Paris.) Mem, : 28*36 grmB.==l oz., 

4-636 litresasl gallon. . ^ 

* The proofs of “ oxidizing ’* tin requires considerable skill. Any one interestedwBl 
find iiiiormation in an excellent book by G. Buchner, enth/led Die Meteilfurbunqf iOOv* 
pp. 109 et seq., or in almost any volume of the Brass World. (Bfidgeport, Conn., U.S.A<^ 

* The tenn “ ozklize *’ is a misnomer. Vide Chapter I., p. 7. 

* All “ oxidized *’ goods must be lacquered.' 

4 . ^Cf. nickel and copper, which arc usually bright when deposited from baths containing 
gelatine. 

* ^^tlvaflotecknik, 1910, p. 60J. 
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brush the deposit, if one wishes to secure a bright surface similar to that 
produced in the “ pot process ” ; and this necessity has often (in th% 
author’s ejcperience) prevented the adoption of the electrolytic method. 
Electro-deposiij^d tin is soft and malleable. After deposition has con¬ 
tinued for half an hour or so, the deposit can be seen to become more 
and more crystalline ; an^it deposition be continued over any consider¬ 
able length of time, the deposit is apt to become either spongy or dendritic. 
When thick deposits are required for any purpose, a colloid must be’added 
te the solution. Deposits up to 0-02 in. thick, formed in such baths, have 
|)een found bj the author to retain the dyctUity and softness characteristic 
of tin ; but whether thiijk depc-'sits will do so or not depends upon both 
tl)e composition of the solution'and the pLrticular colloid used m it. 


TIN-PLATING BATHS 

A large number of tin-plating baths have been recommended in text¬ 
books and patent specification.'). Most of them are worthless. The t 3 rpe 
of solution that has been most employed is one proposed by Eisner,! 
and based upon the prolochloride of tin dissolved in caustic soda or 
caustic potash ; a solution of this type will serve almost any purpose a 
tin-plating solution is required to serve. It may be mentioned her^^that 
the required thickness of a tin deposit seldom exceeds a very small fraction 
of a thousandth of an inch. Such a thickness as is obtained in some 
thirty or forty minutes from a bath of the tjrpe mentioned is usually 
considered sufficient. Deposits of the order of thickness ]jere referred to 
are usually smooth and, apparently, structureless. They have not had 
time to appear crystalline to the eye, or to develop “ trees.” If, however, 
a really thick deposit is required, a colloid must be used, and it may 
be advkabl^,to use a bath of the acid type—one, for instance, containing 
oxalates and oxalic acid (vide infr'i),^ or phosphates and phosphoric 
acid. Both types of solution will be considered, but particular attention 
will be jjJaid to the alkjli^e type, since that is, for practical purposes in 
the platmg-shop (fes distinct from the refinery), much the more important. 

The Alkaline* Solution 
(o) CompoMtim 

The sokition recommended •is one composed of J-lb. of caustic soda, 
1 lb. of protochloride of tin (•‘tin saltsj” as it is called in the trade), 
and 1 gal. of wat^. 1 oz. per gallon of potassium cyanide may be added, 
'Alt for many purposes the addition of cyanide is unnecessary. The 
glutton should be made by first dissolving up the caustic soda and t hen 
W|di£g (a little at a tinft) the tin salt to the hot soda solution,"stirring 
well and .continrjousfy while making each addition. If cyanide is to be 
used, the solution should be allowed to cool before the qyanide (separately 
dissolved in w^r)nisj added. Caustic potash may*|,bc substituted *for. 

* Vide G. lAughein*£lectro-depo»ition oj Metals (trans. W. T. Brannt), 1909, pS'440. 

* And of. the Brass World, 1918, voL xiv. p. 61. * 
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caustic soda, but such substitution will add»to the cost of the solutioh 
without adding to its efficiency. The proportions of the components 
need be only approximately those given. Almost every text-book has 
its own proportions.! Indeed, workshop experience slmws that wide 
limits are allowable; but the author has always found the proportions 
given above to make a solution which, undei>,the conditions to be men¬ 
tioned, will yield good results. A bath with two or three components, 
namely, the “ tin salts,” ^ which contains! the metal to be deposited, 
caustic alkali to act as a conducting salt, and help to dissolve tin mto the 
solution from the anodes, and (possibly) cyanide, which helps to keep the 
anodes clean and free from slmes on thdar surfaces, would seem to con¬ 
form to the requirement of amplicity.® t It so happens, however, that 
these three substances give rise in solution to complex compounds, as 
explained below. ^ '' 

(6) Reactions 

A bath of the type given is essentially a solution of sodium stannite,- 
which is the compound formed when caustic soda and stannous chloride 
(“ tin salts ”) react with one another chemically. The chemist represents 
the reaction by the equation : « 

^.,aNaOH -h SnC4 (NaO)2Sn -1- 2H(5l 

(caustic soda) (stannous chloride) (.sodium stannite) fhvdrochloriij^jtoid) 

The arrows used in the place of the usual, but often incorrect, sign of 
equality, denote that the reaction may proceed either way—from right 
to left, or left to right—according to conditions. It is what is called 
in chemistry a “ reversible ” reaction : ^ it is, moreover, not complete 
in either direction, but proceeds to a certain extent only, and thus the 
solution contains some pf the original components as well .as .esme of 
their products of interaction. And. in addition to the four substances 
shown in the equation, there may be potassium cyanide, if this is added, 
and, almost certainly, carbonate, this being an^,, impurity found in all 
commercial caustic alkalis. It will thus be seen that the simplicity of 
thfe bath, as judged by the number of components from which it has 
been mad(5, is apparent only and jiot real. It is necessary, moreover, 
remember that the composition of the solution will soon become still more 
complicated by reason of the alteration of the substances present by 
(i) the oxygen and carbonic acid gas contained in the air, and (ii) the re¬ 
actions brought about at the electrodes ,in consequence of electrolysis. 
In this respect the solution is like all alkaline baths, whether the silver- 
plating bath, brass-plating bath, or other. No alkaline bath can .h* 
stable, or, ir other words, immune from chemical alteration or chsng'S. 

' CS. H. Stockmeier, Handb. d. Qalvanostegie, 1899, p. llOi G. Lahgbein, loc. c«t. j 
and W. Kanhauaer, op. eit., p. 604. 

• The full chemical formula of “ tin salts ” i i SnCl,, 2H,0. 

i Vide Chapter IV.‘ p. 36. 

' Not stannoie, as is sometimes said. Vide Q, Senter, Text-book,of h.orgcnie/ikemutry, 

191U|). 480. ‘ . 

' J. W. Mellor, Ohemieai Stitiet and Dynamict, 1904, chap. iv. (Longmans.) 
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G. J. Wemlund ^ has turned a blind eye to the above-mentioned important 
matters in his recent enthusiastic advocacy of the use of cyanide solutioijp 
for the deposition of zinc, and this fact impoverishes the whole of his 
argument. Once more, for emphasis —There is no such thing as a sUMe 
or, even, “fair^ stable,” alkaline plating soluiion ; ex natura rerum, there 
cannot he. ' , 

It will thus be seen thit to endeavour to reduce such chaos to order 
would be waste of time. It is not worth while to try to visualize the 
happenings at the electrodes during the passing of the current. 

In the esse of the tin-plating solution, it would be foolish for the 
author to urge an operator %(,, try to visualize the electrode reactions, 
^e could not do so hinftelf—"o one coul,9. The chemical reactions are 
not known, and the electrode reactions' must depend upon these. All 
one can say is thaMin may, in the result and in some degree, be deposited 
at the cathode, while tin will to some extent be dissolved at the anode. 
What the reactions are that result in deposition and solution respectively 
is not known. At the same time, insistence on the difficulty in the present 
instance is of use for a number of -easons. First, such insistence makes 
it the clearer how unsatisfactory the tin-plating solution in most general 
use is. It cannot be controlled in a scientific way. Second, it follows 
that there is need for r&earch to discover some efficient solution that 
can be sc) controlled. Such research can be conducted by any intelligent 
plater during his daily work in the plating shop. And, third, it is eviaent 
that alkaline solutions are not, and never can be, of the same utility 
as the means for continuous deposition as acid baths are. They are not 
and cannot be made stable ; and to urge “ the use of alkaline baths on 
the ground that “ the cyanide plating solution requires less careful 
cleaning of the work than the sulphate solution,” is no less than encourage¬ 
ment of slovenliness. 

(c) Working Conditions 

_irs recommend different working conditions.^ Those 

wRich the author and experienced platers working with him have found 
to be the best are : T%n]ierature, 150° Fahr., or higher. Current density, 
as great as oaa be employed. E.M.f., 3 to 4 volts, at a rod distance of 
*9^0 10 inches. Specific gravity shoeld be maintained betweei^lT’and 
10° Be. at the working temperature. Anodes, good cast metal only 
should be employed. Agitation, rod jSovement if possible.* 


*{d) Operation 

The working limits of the bath are fairly wide and vary with the 
anftmnts and proportions of the components employed,. This is one 
eidhe very few good peints of the bath. As Pfanhauser says, if.<Nieposit 
•of more than %very small fraction of an inch is required, the goods must 
’ Vide Trans. Am. Eledrochem. Soot, 1921, vol. xl. p. 267. 

* As does Wemlund, op. cii.j p. 364. And vide the author’sIximarks on the so-oalled 

“ cleaniag iwad '^\tige^lutions ” {Electridqrit Nov. 18,1921). • >4•- 

* Of., for instance, w. Pfanhauser, op. cU., p. 604. 

* Brass World, 1918, voL xiv. p. 61. 
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be removed, at intervals, from the bath, swilled, scratch-brushed, swilled 
again, and replaced. But, as a rule, a very thin deposit is all that is 
required in tin-plating. The author has always found that the best 
results are obtained if, and only if, the solution is maintained at a high 
working temperature. A better deposit is then obtained, and obtained 
in less time than at a low working temperature, since a higher current 
density can be used. As regards current density, it is not of much use 
to try to work by the ammeter. Experience soon shows the operator 
when his current density is too high: the deposit will become powdery 
and of a dirty colour. The edges and corners of the goods must be 
watched, since in these places the current density is highest, and there 
the efiects will be first seen. ‘Er lerience^ must,*^ in fact, be the guide ip, 
working this bath. Supply of metal will be aided by suspending (m 
a basket) in the solution some granulated tin. The laetal in that form 
presents a large surface for attack. The anodes should 'be as many in 
number as the rods will accommodate, a,nd they should be removed 
from the bath when it is not at work. The following points may be 
noted: (i) Slow deposition indicate!? cither low metal content or too 
high alkali contest, (ii) The formation of a scum or layer of white or 
yellowish solid on the anodes indicates insufllcicncy of alkali. If, there¬ 
fore, deposition is slow and the anodes clear, thh addition of “ tin salts ” 
only is necessary. Since, in this, as in all other tin-plating soliltions, the 
an^e efficiency is poor, metal must be added in the combined form as 
salts. But, whatever is addsd, the rules before mentioned ^ should be 
scrupulously observed, and especially the rule that only such amounts of 
substances should be added as have been a.sccrtained and are known 
to be necessary if rom trial on a small volume of solution taken from the 
bulk. 

The Acid Solution 

The only acid bath thbt has been shown to be at all satift'actory for 
plating purposes is that devised by FI C. Mathers.® The purpose of this 
bath is to obtain thicker deposits of tin as the result of continuous'depdsi- 
tion. This is not a frequent requirement. Mathers’ ,bath would, of 
course, be serviceable for producing thin deposits,® but it would be too 
expfcisii'e iij. upkeep for that purpcipe, which, as has been said, IS servAl,* 
in most cases, quite well by the alkaline bath. The author’s experience 
with Mathers’ bath is, comparatively, limited, but it is sufficient to epable 
hfm to recommend it. Indeed, Professor Mathers’ reputation fgr careful 
work is sufficient of itself. The following particulars are those given by 
Mathers: * (i) GomposUion, 6 per cent, stannous oxalate, 6 per cent, 
ammonium oxalate, per cent, oxalic acid, and J pel cent, peptone./ 
The stannous oxalate may be made by precipitating stannous chloridfi' 
(“ tin salts ”) Vith oxalic acid, (ii) Working condiiions.—Current densi^, 
4 amp^ST®, though rather more current may be used. averagef, 

»In Chapter IV. ^ 

• Tram. Amer. Electrcchem. Soe., 1916, voL xnx. p. 411. 

• or. Q. A. Roush on Mathers’ paper, p. 416. ■< *. m 

• Cf. Braas World, he. eit.: stannous oxiiate, 6 oz.; ammonimn*oiduate, 6 oz.; pep¬ 
tone* ; water, 1 gal. E.M.H (at 9-inch rod distance), 2-3 volts. 
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18 J volt at about 2-in. rod'distance. Temperature, oidinaxy. (iii) Oycro- 
tion. Lack of metal (tin) in the bath is shown by the deposit becomiag 
dark, and an addition of stannous oxalate must be made. If the anodes 
become coverq^d with insoluble material, they must be brushed till clean, 
and an addijion of ammonium oxalate must be made to the solution. 
Finally, when the deposi| shows projecting crystals, peptone must be 
added. 

, General Comments 

, The foregoing particulars are, as the author has found, sufficient to 
enable a worker to rbt^in go(W deposits pi considerable thickness from 
Mathers’ oxalate bath. But the solutioipiis not by any means an entirely 
satisfactory one. The inventor himself points to some defects when he 
says; “ During electrolysis, a^ne yellow precipitate forms in the bath 
and settles to the bottom as long as sufficient oxalic acid is present, but 
if the bath needs more oxalic acid, porous, crystalline salts form on the 
sides of the beaker and on the electrode connections at the surface of the 
liquid, and gradually cliiflb upwa'id. The addition of more oxalic acid 
stops this.” Mathers does not say what the yellow precipitate is, but, 
most probably, it is a Cfpnplex salt of tin ; ® and hence, even when the 
bath fungtions well, metal is precipitated from the solution as a con¬ 
stituent of a salt, and it is lost, therefore, to that extent to the^atjwde 
deposit. This is serious, since metal lost in this way has to be regained 
by the solution somehow; and the only°way available is by addition 
of stannous oxalate, as the anodes do not supply metal sufficiently fast 
to compensate even for that removed by deposition at the cathode. 
Moreover, the presence of suspended matter in a solution is always a 
source of difficulty, because deposits formed in baths containing it are 
apt to be rough and also to contain such matter as inclusions.® Again, 
on p. 3,'Mathers says : “ In spite of these additions to3}he baths, they 
finally become so deteriorated thaUbright, solid deposits could no longer 
b% obtained.”* This indicates that the bath is liable so to deteriorate 
in course of time thaf*it dreconies impos.sible to restore it; and this is an 
indication that Control of the bath is far from satisfactory. This liability 
t^detericratioTi is further referred to in a later paper by Mathejs.and 
W. H. Bell.^ Mathers says of the* type of bath consid&ed m that 
paper, namely, the alkaline tin-platinj^ bath, containing addition agents: 

“ 'Tht great difficulty of these baths is their deterioration during operation 
or on sta'nding.® A precipitate forms and the amount of stannous tin 
decreases until good deposits can no longer be obtained. This last 
cathode shows a deposit from the same bath after standing for three 

■ * i Op. cit., p. 413. 

* Of. the yellow precipitate that is sometimes formed in A. Classcn’^oxalate solution 
foi^he electro®«inalyBi8 of iAn. 

• • Vide Fig. 1, ^Moh* shows the effect of an inclusion of iron oxide upon the structure 

of an iiwn deposit. &c abo Jour. Iron and Steel Inst. (1920, No. 1), vol. ci. pp. 328 et seq,, 
and Fig. D., Plate VI., Fig. A., Plate 1^1., and Fig. A., Plate ^11. 

* Trana. Am. Electrochem. Soc., 1920, Yol. xxxvi\i.}).lZ5. • 

®T1!B ciftiuiAl J^Qcess is: 6SnCl2H“2H20+Oa5s2SnCl4+4Sn(OH)Cl. The so-caUe^% 
basic chloride, Sn(OH)Cl, is insoluble, and, therefore, i^recipitat^. Roscoe a*i S(Aor- 
lemmer, Treatise on Chemistry, 1907, vol. ii. (Metals), p. »39. 
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weeks—a bath from which one of the best deposits was obtained. This 
deposit is loose and entirely bad. We found no method of preventing this 
deterioration. We do not recommend this bath for tin-plating because 
of this deterioration.” And later : “ The regular addition of tin salts 
to this bath was equivalent to the preparation of a series of new baths. 
My idea of a good bath is one that maintamsptself for a long time with 
only unimportant change.” It is a fact that no entirely satisfactory 
bath has been found that will give good, "smooth, and thick deposits 
of tin over long periods of time.^ Research is, therefore, necessary for 
the discovery of one. Before, however, any such work is •commenced,, 
the results of previous investigators shoull be studied. It is to facilitate 
such studies that a number ol rOferenceat to researches on the electron 
deposition of tin have been collected below.^ 


ANODES 

One great faul^of tin-plating baths is that the anodes do not dissolve 
well, with or without the passing of the current. This is, no doubt, due 
in part to the component substances used in tht solution ; but it is also 
due in part to the anodes. There is little doubt that makers of tin anodes 
do'%ot trouble themselves about the requirements of the plating shop : 
the anodes are cast under cqjiditions that suit the convenience of the 
makers. The same remarks that have been made respecting nickel anodes ® 
apply equally as much to tin anodes. If anodes of the right composition 
and constitutioa were made and used, it is more than probable that they 
would function better during electrolysis. Only research wiU disclose 
what the most suitable composition and constitution are; and it is the 
business of the, electro-metallurgist to conduct such research and to tell 
the maker what he reqmres and a.sk him to supply it. The electro¬ 
metallurgist and plater will not solve their problem by blaming the 
manufacturers : they must help themselves, and that can be done osly 
by research. 


STRlICTURE 

» The internal structure of tin* deposits has not been studied )i but 
observations on the macroscopic appearance of them have, dong al^o, 
been recorded. It is well known that efectrolysis of solutions of tin 

• A possible exception is a bath M. Sohlotter is said to have minted. The author 

has been unable to ascertain the composition of this bath. , 

• In additioi^to those in previous notes, the following are references to important 
paper^?*O.S. Pat., No. 921,943, and Met. and Chem. i?ng.,<S909, vol. vii. p, 286; Bl P. 
mem, Trane. Am. JSlecIrochem. Soc., 1913, vol. xxiii. p. 199; P.*C. Hathers and B. W« 
Oockrum, ibid., 1914, vol. xxvi. p. 133; F. C. Mathers and B. W. C^krum, ibid., 1916, 
vol. xxix. p. 406; E. F.Kem, ibid., lOlS, vol. xSxiu. p. 166, and 1920, p. 187. Sm also 
y . Snelling, Met. oad C&em. Eng., 1910, vol. viii. p. 247; K. Elbe and H. Thtlramel, 

’“mU. f. EleHrochem., voL x. p. 364 ; F. Forster and J. Yamasa]^,st6tiB', lOll, ft>l. xvii. 
p. 661 i^and £. N&f, Diei. Dree.. 1911. * 

• Chapter VI., ante. * 
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oliloride produces skeleton (aystsls or “ trees.” In 1904, A. B. Sapojnikofi 
published a paper'- in which he described them, after examinatiop 
of them with the microscope. Still earlier, in 1877, 0. Lehmann ® had 
described the frystals, and accounted for their formation by assuming 
“ that the phenomena of formation of crystals electrolytically are in line 
{sich aweihen lassen) with{|:hose of the formation of crystals in ordinary.” 
The assumption seemed, he says in a later paper,® so bold that he followed 
the matter further, and th% result of his investigations was that his 
assumption was supported. This hypothesis, namely, that the same laws 
^f crystallization hold for the crystallization of deposited metal as govern 
the crystallization of ojher sJbstanoe^, Ijas been more fully developed 
4y the author, and appied te the oSse, of electro-deposited iron.* In 
the absence of direct evidence of the inttonal structure of tin, this has to 
be inferred from \he macroscojpic aspect of the deposit; but, as one 
finds in the cases of copper, iron, and zinc (and also lead) that the two 
are related, the inference for the case of tin is not unjustified. Experi¬ 
ment shows that causes which produce certain efiects on the macroscopic 
aspect of the other metdls mentioned produce similar efiects (in kind, 
though not always in degree) in the case of tin. For instance, the efiects 
of addition agents, addgd to a tin-plating solution, are often similar to 
those prefaced in a lead-plating bath ; m both oases, “ treeing ” is often 
prevented, the grain-size of the deposit is diminished, and a solid dejgosit 
formed. Again, Mathers notes that the crystalline structure of tin depWits 
from the oxalate bath “ was more pronounced ” when the working 
temperature was 50° C. than at lower temperatures. This means that 
the grain-size of the deposit increased with temperature: so does the 
grain-size of deposits of iron formed in the ferrous Calcium chloride 
solution.® Other correspondences could be pointed out; but, when 
all is said, inference remains inference—it is not fact. Only research 
can dCcid?^ whether, in fact, the factors of deposition (surrent density, 
temperature, and so on) have thg same efiects on the structure of tin 
(Jfposite as tttfey have on the structures of other deposited metals. 


CHR(^IUM 

The electro-deposition of the mete! chromium has not yet become a 
••li^oAtshop process. Its deposition has, however, been the subject,of 
study by competent invest%ators, and many of the properties of the 
deposited metal have been* ascertained. In the author’s opinion, the 
results obtained fully justify G. J. Bargent’s view that “ Chromium- 
plating has commercial possibilities owing to its extreme resistance to 
corrosion by air, moisture, and many chemicals.” * There are, too, other 
jftssibilities than,th(fte particularly indicated by Sargent. Gksomium 

‘ JmrTk Suss, Phys.-Ghem. Soc., 1904, rol. xiivi. p. 334. 

> Zeit. f. Krystallog., 1877,^ol. i. p. 4^. 

• Ibid., 1890, Tol. xvii. p. 272. * 

^ EltUrc^ispoiiition of Iron, published by H.M. Stationery Office. 

‘ W. Hughes, op. cit. 

’ Trans. Am. Electrochem. Soc., 1920, voL Ixxvii. p. 496. 
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is a very electro-positive metal,^ and majs, therefore, be capable of 
fording protection to iron from rusting. ^ Moreover, there is a possibility 
that a thin layer of chromium, deposited on iron, could be made to alloy 
with the iron by suitable methods of heat-treatment, in which case a 
chromium-iron surface layer would result and, possibly, ^ non-rusting 
(“ stainless ”) surface be obtained. It is truf that, as regards this last 
possibility. Professor Bancroft found that the two metals would not 
alloy below a temperature of 1200° C.; but%e does not give any account 
of his work on the matter, and it may well be that his conclusions atfe 
not final. In view of the foregoing possibilities and the importance oi 
their realization to engineers,^ tlie authol- believes it will be of use to 
consider the electro-deposition^ of chromium here; but the treatment 
of the subject will be different'from that adopted when dealing with 
the deposition of other metals. The principal object m mind is to assist 
any one -wishing to undertake research in connection with" the deposition 
of chromium for one purpose or another. The method of treatment will, 
therefore, be as follows: Some t 3 ^ical researches to be found in the 
literature will, in the first place, be briefly summarized. The principal 
matters concerning the deposition of the metal upon which light is thrown 
by the mve.stigations considered will, then, be jynnted out; and, finally, 
the properties of electro-deposited chromium wdll bo described.^ 


LITERATURE 

{a) R. Bunsen's Worlc.^ The two most important results of Bunsen’s 
experiments wdte that he showed that the two factors of deposition 
which have to be especially considered in connection with chromium 
are current density and the concentration of the electrolyte. Both must 
be great, if successful resujts arc to bo achieved. , * 

(6) The Placet-Bonnet Patents.^ These are referred to here, partly 
as being of historical interest, and partly because excelleht deposits fi 
chromium are said to have been obtained by^tl^B methods patented. 
The author’s opinion of these methqds is that they must he very difficult 
to carry out, and results as good, and probably better, eafi nowadays 
obtainM by«simpler methods. W. Borchers says, somewhat caustically, 
after detailing the principal Plac?t-Bonnet process : “ Any criticism of 
thf above is obviously superfluous.^ At the same time, it must be stoted- 
that later investigators * have commented more favourably upoft it. 

(c) B. Neumann’s Account of G. Glaeer’s Experiments} Glaser 

’ W. Muthmann and F. Fraunberger found the potential of chromium, against a 
normal KCl solution, to bo at least +0 63 volt. \iCe Silzungsber. d. Bayr. Akad. v. 
aenschaft, 1904, val. xxxiv. p. 212. 

• Pogg^i^nn., 1854, vol. xoi. p. 619; The Chemist, 1864 (N* 11), p. 686.- An accoflht 

of Bunsen’s work will be found in W. Borchers’ Blectro-ameUing dnd Refining (trans. by • 
W. M’Millan), 1904, p. 496 (Griffin). * 

• D.R.P., No. 66,099 (1890); Eng. Pats., No. 1«,544 (1890), and Nos. 22,864, 22,866, 
and 22.866 (1891), end N5. 6751 (1893); U.S. Pat., No. 626,114. See also Compt. rend., 

,W»2, *1. cxv, p. 946. • - - — 

*gidtji. E. Carveth and collaborators, infra. 

• ZeU.f. EleJUrochem., 1901, vdf. vii. p. 666. 
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investigated the effects of purrent density, concentration of electrolyte, 
and working temperature, respectively, upon the electro-deposition <j[ 
chromium. He used the divided cell anrangement—an inner cell con¬ 
taining the solution of a chromium salt (called “ the catholyi* ”)} 
and itself contained in an outer vessel which held a mineral acid or a 
solution of some salt (called “ the anolyte ”), in which the anode was 
suspended. Glaser’s resmts may be summarized thus: (i) Current 
density. Using chromium ehhride solution, containing 10 grms; of. metal 
, per lit., as catholyte, pure metal was obtained at 9'1 amp./dcm.® (about 
90 amp./ft.*) with an efficiency of 38-4 per cent. Above that current 
density, pure metal was obtahied, buir it consisted of crystals more or 
Jfss loosely adherent, and>the efficiency was not increased. Using chromium 
sidphate as catholyte, the best condition^ were, at ordinary temperature, 
66 to 85 grms. of metal per lit. of solution, and 13 to 20 amp./dcm.® (117 
to 180 amp./ft.®), which gave a yield of 84-6 per cent, (ii) Goncentraiion. 
Using chromium chloride, the best concentration was found to be 158 
grms./lit., giving an efficiency of 56-6 per cent. Above that concentration 
the deposit was powdery: below it •I'he deposit was mixed with oxide, and 
at quite low concentrations (below about 70 grms./lit.) .only oxide and gas 
(hydrogen) were obtained. Using chromium sulphate, similar changes were 
found to occur with conSentration changes as occurred when chromium 
chloride vJas the catholyrte. (iii) Temperature, good deposits were obtained 
up to 60° C. Above this, black powder was formed at the hath^e. 
It was found, too, that increase of temperature from the ordinary 
only slightly increased the percentage yield. Neumann remarks ; “ As 
one sees, it is only between definite limits of concentration, current 
density, and temperature, that it is possible to obtain useful metal 
deposits.” 

(d) F. Salzer’s Patents.^ The author has obtained only fair deposits 
of chromium from the solution and under the conditions recommended 
by Salzer. °But, on the other hand, F. F6rst& * appears to have been 
more successful. His remarks are'as follows : “ Salzer has found that 
iaf the'production of good cathode deposits of chromium, an electrolyte 
consisting of a mixture (Sf chromic acid and chromium chloride, together 
with a content ef free sulphuric acid, *s suitable. The’ratio of metal in 
■^hese tw(? forms should be as 4 : 3, (» as 1; 1.” Forster states tiKt he 
can confirm the fact that, with 2 to 5 mnp./dcm.^ and 3 to 6 volts, one 
man qjatain very hard, smooth and fleSible deposits of chromium, which' 
fiawe a steel-grey colour and can be formed to any thickness. 

(e) G. J. Sargent’s Researc^.* Between 1901 and 1920, the date of 
publication of Sargent’s work, there were published the results obtained 

M-W a number of*other workers. It is unnecessary to consider these in 
iwdkfcil here, because they are referred to by Sargent in his paper, and, 
no^oubt, fofmed a gui^e to him in his work. But they would hq^y^to be 
studied by any one 'about to undertake researches upon the deposition of 

' The Soldtion in the neighbourhogid of cathode and anode, respectively, is often 
called catholyte and anolyte. • 

»No. 900,597 (1908), and D.R.P. Nos. 221,472 and 226,769 (1909).» 

• Zett. f. £lektrficheiit.f 1909, p. W9. * 

* Trans. Am. Electrockem. Soc., 1920, vol. xxxvii. P4479. 
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chromium, and they are, therefore, collected in a note {infra), together 
with references to sundry patents. Sargent 'forked with the usual single 
deU arrangement, and used copper cathodes thinly covered (by plating) 
with chromium, in order to avoid loss of copper ® and platinum anodes. 
He has himself summarized his results as follows : “ Yefy good deposits 
of chromium have been obtained from chromic acid soluticJns contaLiing 
small amounts of chromium sulphate. The deposition of chromium is 
affected very markedly by the per cent, of chromic acid and chromium 
sulphate present, and by the temperature of the solution and the cathode, 
current density used, so that good results are obtained only by a earful 
control of these factors. The thiekness oif'chromium deposits obtainable 
depends on the current densitj)-, the lower^^the c’irrent density the thicker 
the deposit. The use of low ft'mperatures makes it possible to obtain 
fair ampere-hour yields of chromium at comparatively low current 
densities. A deposit ^-in. (IJ cms.) thick has been obtained from a plat¬ 
ing solution containing 24-5 per cent. CrOg and 0-3 per cent. CrjfSOjlg,* 
at a temperature of 20° C. with a cathode current density of 10 amperes 
per sq. decimetre. A yield of 0-10 grii*^. of chro"iium per ampere-hour may 
be obtained imder these conditions with a voltage of a little over 3 volts 
with an electrode distance of about 1 in. The 0-3 per cent, of Cr 2 (S 04)3 
is a very essential constituent of the plating Elution, as without it no 
more than traces of chromium can be obtained under the conditions 
given.”' 


COMMENTARY 

The foregoing is but a very brief resume of a few of the principal 
researches that have been published on the electro-deposition of chro¬ 
mium ; but it will suffice for the object to be served here. It is essential 
that any one commencing research on the deposition of chromium should 
consult not only the papefs that have been considered in the text, but also 
those referred to in the notes. Some principal matters upon which light 
has been thrown by those who have investigated the electro-deposition 
of chromium will now be briefly referred to. 

1. The later researches on the deposition of chromium ^^of which 
Sargent’s i§ typical) confirm all tlie earlier work (from Bunsen on) “tu 
these particulars: For successful work, a concentrated solution is neces- 

( .a 

^ J. FeVt'e, Bull. Soc. Chim., 19()1 (3), vol. xxv. p. GfT, alao at p. 620. H. R. darifeiji 
am! W. R. Mott, Jour. Phys. Chem., 1^5, vol. ix. ]T. 231 ; and H. R. Garveth and B. E. 
Curry, Jour. Phys. Chtm.^ 1905, vol. ix. p. 353, ^ivlJTrans. Am. Electrochem. Soc., 1906, 
voL vii. p, 116: both these aw very important papers. M. le Blanc, Trans. Am. Electro- 
chem. Soc.f 1906, vol. ix. p. 315 : the discussion on this paper is controversial, but very.. 
instructive. M. le Blanc, Die Darslellung dcs Chroma (Knapp-Halle). The followii..g,' 
should also be consulted: Geutlicr, Lieb. Ann., 1866, vol. xeix. p. 314 ; ibid., Lieb. Jtnn., 
1858, vol. cix, p. 129; Buff, Lieb. Ann., 1867, vol. ci. p. l,,and 1858, vol. ox. p. ^ 8 ; 
Papo^gfi, Oazz. Ghim. Ital., 1883, vol. xiii. p. 47; S. (Jowper C(*lcs, Chem, News, 1900|^ 
vol. Ixxxi. p. 16; W. Borchers, op. cit., and the Moller-Street Pat^ts, Eng. Pat. No. 
18,743 (1898); B.R.P. Nos. 104,793 and 106,647.(1898). 

* The author also foand when working with Sizer’s solution, that copper cathodes 
c*"cre fftttaoked unless quickly “ struck,’* t.c., quickly covered, with a deposit cf chromium. 

* 0 ^ 1 ^ 04 ) is the onemical formula for cnromic sulphate: chidmous sulphate has the 
{orfculal'rSOJHjO. 
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story; high current densitj must be employed; low temperature is 
better than high temperature ; and agitation is advisable. These facts 
support Fbrster’s general statement,' to the effect that “ the conditions 
favourable to the electrolytic separation of a more electro-positive metal 
from aqueous Solution are, therefore, the employment of high current 
density and a quite concentrated, at most tveaJely acid, solution of simple 
salts of the metal in conceS'n,” 


2. It is possible to obtaiq thick deposits of chromium easily, if work 
be conducted under proper conditions. 

3. It is not necessary to work with the divided cell arrangement of 

T;he earlier workers; this wOiJd be inconvenient in ordinary plating- 
^hop practice. y 

4. If the divided cell arrangement 'i used, solutions of chloride or 
sulphate can be employed alone as catholyte,; if the ordinary plating 
arrangement is used, a mixed electrolyte seems advisable. One com¬ 
ponent being chromic acid.^ 

6 . Very little endeavour seems to have been made to ascertain whether 
chromium anodes can be I’sefully e,nployed. Carbon, lead, and platinum 
have usually been used hitherto. The anode side of +he bath has, as is 
too often the case, been neglected. 

6 . Since an insoluble anode has been the type employed up to the 
present, lAetal (chromium) must be supplied to the solution by way of 
addition of metal-containing salts. Such means of supply is alwaj^ a 
defect in a plating process, and it is, thertfore, all the more necessary to 
study the anode side of chromium-plating baths. 


PROPERTIES 


Thg properties of electro-deposited chromium, likerthose of other 
deposited 'hietals, vary with the conditions under which the metal is 
formed. The.colour is usually ^ey, light or dark: it is sometimes 
tlBged with blue. Neumann describes some of Glaser’s samples as 
looking very mjich liBe :,teel, and J. Fer6e states that his deposits were 
silver-white in colour.^ The metal may be hard or, comparatively, 
10 ft; alld it is sometimes brittle.! The author found sjmplsw from 
Salzer’s bath to be very brittle. Its^hardness is given by Sargent as 
76 o^ the sclerescope, while Bancroft %tate8 that specimens he examined 
were “ nqt very brittle and fairly hard, but, of course, it is not anythifig 
like as hard as chromium carbide.” A sample before the author while 
writing is of a bluish-grey colour, and soft enough to be marked with 
the finger-nail. ’ The purity of the metal is high. Neumann states that 
Ukser’s metal was found to contain only 0-1 to 0'2 per cent, of iron; 
bijt he does not merjjion other impurities, such as chfdrine, sujphate. 


' Elektrochetni^ivdiser. Losung, 1906, p. 195. (Barth, Leipzig.) 

‘ Of. Salzer^s patents and Saigent^^results. 

* work^ with solutions of potassium chromium chloride that contained 266’5 
grms. ^ ch|omium chloride and 233 grms. of potassium chloride jHir litre. He employ^ 
the low cumnl q^n^j of 14*4 amperes per Square foot .—Bull Soc. Chim., 1901, Senes 3, 
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and hydrogen, and other gases. The macroscopic aspect of the deposijjs 
may be bright {glanzend) and, apparently, 'structureless, or dull—also 
ifrithout apparent structure. But the deposited metal may have a visibly 
crystalline structure : it may be of fine or coarse crysta^ grain, and the 
crystals may be inter-adherent and form a compact mass of metal, or 
they may be loosely adherent and even dendritic. As is the case of tin, 
the macroscopic aspect of the deposit is imjprtant, because it is very 
probable that one can infer from it the inljernal structure of the metal, 
which, up to the present time, has not been studied. Sargent mentions }■ 
that electro-deposited chromium is practically unafiected by air, oxygen, 
or chlorine, at temperatures up to 300° CJ, and that it oxidizes at about! 
the same rate as nickel, at a liei^eratur^ of :^'00° C. The author has, 
found that chromium deposits Sjjill dissolve in dilute sulphuric acid and 
also in hydrochloric acid. Bun.sen says “ the metal is insoluble in boiling 
nitric acid, while Feree found ^ it to b« insoluble in cold concentrated 
nitric acid, concentrated sulphuric, or concentrated potash solution. A 
not unimportant property of deposited chromium is its capacity to 
“ occlude ” gases : in this it rescmbl^^s both jjiickel and iron. Garveth 
and Curry ^ state,that the metal can occlude 250 times its own volume 
of hydrogen. This property of taking up, or “ occluding ” (as it is called), 
gases is important, because such occluded gas will almost certainly affect 
the properties of the metal. ‘ 

‘ Op. cit., p. 495. • Op. cit. 
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CHAPTER X 


COPPER 

M uch has been written aTjout the^leCtro-deposition of copper, and 
a great number ot patents have^een filed. Nevertheless, it is 
true that, on the 8<jentific side, there still remains much to learn, and, on 
the practical side, existing knowledge of the properties and structure of 
• the deposited metal is by no means great. The former truth has lately 
been recalled by a paper read by T. R. Briggs before the 1921 autumn 
meeting at Lake Placid of the j4merican Electro-chemical Society. 
Though an important one* this paper will not be considered here ; it is 
of scientific rather than of practical interest, and is, perhaps, controversial. 
The latter truth must he clear to all who have studied the literature 
concerning,tho electro-deposition of copi)er. A certain amount of research 
work has been published with reference both to the properties and to tte 
structure of the metal. But in very few oases has systematic work been 
carried out regarding either, and little has been done to connect up 
properties and micro-structure, and to show how these are inter-related. 
It is hoped that some assistance will be given here to t|jose who really 
wish to perform their work with scientific understanding, and not merely 
by rule of thumb. The best practice in any branch of applied science is 
always that which is based upon knowledge of principles. 


PROPERTIES AND APPLICATIONS 

• * ” 

1. Properties. Electro-deposited copper varies m properties according 
tt^he conditions of deposition. It vajies in colour from bronze to lijlmon 
pink. It may be ductile or brittle, scjft or hard; it is alAost always 
brittle and hard when deposited fromtsolutions containing colloids, e.g.," 
'•^cl^tfae. It may be obviously crystalline in varying degree, «;7to thb 
unaided Sje, structureless, ili microscopic aspect. The ideal of the 
plater is a deposit that is of « fine salmon-pink colour, so ductile that it 
can be bent backwards and forwards many times without splitting, and 

Jntett and smooth in aspect and without visible structure. The electrical 
and thermal conductivities of the metal are high; that % why it is so 
frequently uked as the Conducting material in electro-technical worE and • 
fn aeroplane mechanisms.^ 

2. Applications. It is unnecessary to consider .the applications of 

* FaiehweiiifdUnfiMon will be found in W. Boreher’s Electric Emelting amt fleSninof 
190i, pp. ISletse^. (Griffin.) 

in 
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copper deposition here. Something has already been said about them ; *• 
and the practical applications of the process that have been recently 
hiade are fully described in C. W. Denny’s little book.® 


COPPER-PLATING SOLpTIONS 

The operator has one of two general objects in mind when engaged 
in the electro-deposition of copper. One of these reqiiires only a thin 
deposit; the other necessitates a thick one, and one o^y to be acquire'd* 
by continuous deposition over j considerable length of time.® In thi» 
former case, the object is uAiaHy to provide rfome other metal—^iron, 
very often—with a coat of a'^etal (cd^perj which can, by a simplfe 
process, be treated so as to make the iron article, more presentable. 
Something has already been said about this object of copper deposition; ® 
and it has been indicated that to carry it out, the alkaline or cyanide of. 
copper bath is usually employed^—in the case of iron, mmt be employed. 
In the latter case, the number of purposes for which thick deposits are 
required is very Ipge. A somewhat Vhick deposit is required in electro¬ 
typing work ; a still thicker one is often necessary in engineering work, 
as, for example, in “ building up ” work ; and in such processes as the 
manufacture of printing rollers by electro-deposition, as, for example, in 
fiae ElAiore process very thick deposits of copper are formed. In all 
cases where a thick deposit is required, the sulphate of copper solution 
should be used : except in a few cases it must be used, for the cyanide 
bath will not answer the purpose. Two types of solutions used for the 
electro-deposition of copper must, therefore, be considered, namely, the 
“ alkaline ” and the “acid.” Of these, the latter is by far the more 
important, and will receive the larger share of attention here; but 
attention will be given to the alkaline bath, since this is, usually, 
badly neglected both in text-books and in workshop practica. 

The Alkaline Bath 

, 4 

Chevreul’s Sail. The solution i/hich the author very strongly recom¬ 
mend." is qne made with a chemiial compound known as “/Dhevreuli? 
Salt.” He'is so convinced of the superiority of this salt over all others 
' for the purpose of making an alkaline copper bath that the properties of 
foe saiT'and a simple method of preparing it will be described.' 
compound is so called because it has befen thought to have’ been first 
discovered by M. Chevreul, a distinguishe'J French chemkt. TMs idea 
is not accurate, for, though Chevreul investigated the properties and 
composition of the salt, and published a full description of ids wor^ fo^ 
1812^“ he himself says that it was first made by MM. Founuoy and 

* In Chapter I. , 

* Mkctro-Deporition of Copper, 1921. (Ktman.) 

•The Annans diBt'ngnish between OalvaAostegie and QaleanoplatUk, the former 
.relatiig to the production of thin deposits. 

‘ Chap. I., p. 6. « 

^•‘AnH. Chim., 1812, vol. bcx^iii. p. 181. 
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yauquelin. Its properties, and those of several other like compounds 
were studied, much later, >^by A. Etard.^ G. Langbein claims to have 
introduced the salt into the copper-plating industry: ^ whether this 
claim is justified or not, its use in cyanide solution was advocated as 
long ago as 19ii6.® 

1. PrepaifUion of the salt. The method by which Chevreul’s salt can 
be made, simply and by stay one, from materials already in the plating- 
shop, is as follows: Dissolve 1 lb. of copper sulphate crystals m J-gal. 
of hot water (60° to 70° C.^ in an enamelled iron or stoneware .vessel, 
and add the hot solution, gradually and stirring the while, to 1| lb. of 
tsodium sulphite dissolved inthot wal^r contained in a similar vessel. 

A dark red crystalline wlid separates,- ou^t, which should be allowed to 

•settle. The supematanWiquid is then,siphoned or poured off, and the 
copper salt washe(J two or three times with hot water. The salt need not 
be dried : it is sufiicient to store it in a tightly-corked stoneware jar. 
The yield from each pound of copper sulphate will be about oz. of 
Chevreul’s salt. The actual composition of the product obtained upon 
mixing copper sulphate solution iwith one of sodium sulphite depends 
upon the conditions obtaining ’and, especially, upon temperature.* 
Chevreul’s salt will be formed under the conditions given, but if the 
temperature be much t»o high (or much too lovv) another sulphite or 
mixture cf sulphites may be formed. The precipitate will then have a 
different colour; it may be pink or yellowish-red, and not dark 
If such a separation occurs, it is not a great matter from the plater’s 
point of view, because, when the salt is dissolved in potassium cyanide 
solution {vide infra), the resulting solution will not be materially different 
from that obtained if Chevreul’s salt alone had been employed. The 
conditions given for making the salts should, however, be adhered to as 
nearly as possible. 

2. Properties of the salt, Chevreul’s salt is a dark, red crystalline 
substance.* It will become oxidized to sulphate in moist air. It dissolves 
easily in a solution of cyanide of pbtassium, a slight evolution of sulphur 
diaxidfi gas (SOj) occurring. In the trade it is called by various names— 
for instance, red copper, fed copper sulphite, and sometimes, but wrongly, 
cuprous sulphite—as well as Chevreul’s salt. Considered from the 

^emical»pQint of view, it is a doubly sulphite of copper, and its chemical 
name is cuproso-cupric sulphite. Its chemical formula is Ci^SOj, CuSOj, 
2HjO, and it contains 49-3 per cent, oepper (metal).® • 

, As has been done in the cases of the plating baths for“i6fSositiJig 
metals-already dealt with, tlfe Cyanide of copper bath -will be considered 
in relation to its composition* electrode reactions, and practical operation.. 

V 

* Compt. rend.t 1881, vol. xciii. p. 725; ibid.^ 1882, vol. xcir. pp. 1422 and 1476; 
an^ ibid.i 1883, vol. zcv. pp. 89 and 137. 

* EkoirO‘deposition of Mtiala, 1909, p. 327. 

•• BrcMA Wvrld, 1906, ii. p. 199. 

• * Just as doe^tliC composition of copper carbonate, vide S. U. Pickering, Jovm. 

Chem. 8oc., 1909, vol. xcv. p. 1409, and U. L). Bunnicliif and S. 1^1, ibid., 1918, toIs. 
cxiii. and cxiv. p. 718. * , 

* The percentages of copper in other copper salts arc: copper carbonate, vairles, 49 
to 61 ;*c^p€r Wpferfe, 26‘46; copper Tiisalt or Trisalyt, 21*2; cuproxis (Manide, 71 • 
(Broohet); copper potassium cyanide, 22*4 (Brochet) 

8 
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(a) Composition and Working Conditions 

^ 1. Composition. The components should be in the proportions: 
7 oz. of cyanide of potash .(98 .per cent, white, or 96 per cent, grey); 

oz. of Chevreul’s salt; and 1 gal. of water.* Dissolve, the cyanide in 
some water (hot, but not boiling), and then add to the solution the copper 
salt, little by little and stirring continuously, and, finally) add the re¬ 
mainder of the water. The brown insoluble solid which often separates 
is a complex cyanogen compound (called, in the text-books “ para- 
cyanogen ”) of unknown composition. It is very light and, though 
bulky, does not amount to much in weighj. It is useless, and should be 
filtered (or otherwise removed) f^om the solution before this is poured’ 
into the plating vat. The composition of fihis j^th, though it cannot be, 
described as simple, notwithstanding that the number of the original 
components is but two, is simpler than any other cyanide of copper bath. 
The Chevreul’s salt supplies the metal: it also supplies sulphite, which is 
a useful substance in a cyanide bath. The potassium cyanide is necessary 
to bring the copper salts into solution ; it also serves as a “ conducting 
salt,” and to bring the copper anodee, into solution. Schlotter goes so 
far as to say that sulphite is essential (wesentlich) in the bath.“ He 
describes one of its fimctions as follows : “In the course of the process ” 
(of electrolysis) “ a green layer forms on the anodes. This is probably 
cy,Dro-cnpri-cyanide, and it offers an enormous resistance to the passage 
of the current. The formation of this layer is more easily avoided by the 
addition of sulphites to the btth, and more easily dissolved when it is 
present.” Brochet says ® that the sulphite acts as a reducing agent 
of any copper present in the cupric state, itself being oxidized to sulphate. 
This may be tru6, and probably is so to some extent, but Schlotter’s state¬ 
ment probably expresses the most important function of the sulphite: 
this is—in plain language—^to keep the anodes clean, and it certainly does 
so in fact.* ■ 

2. Working conditions. The specific gravity will be about 9° Be. 
at ordinary temperature: it should be kept between 9“ and 11° B6. 
Current density should be 3 to 4 amp./ft.^ Temperature of the solution 
should not be belpw 65° Eahr, (about 18° 0.). If convenient, the bath 
should be worked at about 120° Fahr. (about 49° C.), since the higher 
tempeintureaids both the conductivity and the chemical action of solutidn ' 
gf any salts separated on the anodt.i. Agitation. It is not usual to employ 
agptati'^j^ the case of the alkaline copper bath ; but, as Brochel^has 
said, it is much better to do so, if possiblje., I^od movement is Eufficierft. 

t 

(6) Electrode Reactions „ 

Not much is known about the reactions that occur during the ele(4 
trolysis of the Alkaline copper bath, and such information as is available 

t *• ■ • ' 

* Of. baths given by G. Langbein, op. eit., p. 327. W. Kanhauser, Oalvanotechnik, 
p. 378, and A. Brochet, Oalmnoplattie, p. 203. F. C Mathers uses sodium cyanide in 
place of the potash salt, w. cit.. Note 6, p. 116 pok. 

* Oelvanostegie, 1910, Teil 1, p. 137. • Op. eit., p. 199. 

* Another possible function is mentioned by Steinaoh-Buohnei'. in Die i^vtfniachen 

MtUSniei/irsMage, 1896, p. 106. , ‘ 
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'does not usually find its way into text-books on electro-deposition. 
Copper is deposited at the cathode and dissolved from the anodes, but in 
neither case is the current efficiency very good in workshop practice. *lt 
is not known whether the deposition of the copper is the result of primary 
or secondary action. A. Classen’s view ^ is that the separation of metal 
is a secondary reaction—one, that is, of the t 3 rpe already seen to occur 
{according to Pfanhauser* in the case of the deposition of nickel from the 
double salts bath.^ Clas^n says : “ Thus we may assume that the 
.solution contains some of the complex compound Kj[Cuj(CN) 4 ];’ which 
dissociates according to the scheme 

* K,[C^,(CN,];:l2Sr+ ^Cu,(CN),- -. 

During the electrolysis of the solutior; the K+ migrates to the cathode 
and is discharged there, while, the Cu 2 (CN) 4 ~ - migrates toi^ards the 
anode. The Cu 2 (CN)i, however, cannot exist as such when the anion is 
discharged, but breaks down into cuprous cyanide, Cu.^(CN) 2 , with evolu¬ 
tion of cyanogen gas (CN) 2 . Then the cuprous cyanide would be precipi¬ 
tated were it not for the'fact thal potassium cyanide is being formed by 
the reaction about to bo described. At the cathode, vhe potassium that 
is set free reacts upon thf undissociated complex salt and liberates copper, 
which is deposited upon the cathode ; at the same time potassium cyanide 
is formed: , ,0 

2K-hK2 [Cu2(CN)4]=2Cu-1-4 KCN. 

This regenerated potassium cyanide dissolves the cuprous cyanide that 
has been formed at the anode.” This explanation, similar to the old one 
of the separation of silver at the cathode from the silver potassium 
bath,^ may or may not be correct. It has, at any rate, these advantages, 
namely, that it oilers a rational and reasonably probable explanation of 
the phenomena, it has never been shown to be wrong scientifically, and 
it explains the facts of observation so as to allow the operator, cognisant 
of them, to control his bath. The alternative views are as complex as 
the salts in solution. They appear to be based largely on the work of 
Spitzer ; * and*in .shfirt; seem to depend upon the idea that copper ions 
are supplied to the cathode as the fesult of the break-up of a complex 
AJiion, Cfl(CN) 2 “, existing in the solution, thus : 

Cu(CN) 2 —5«2(CN) -+0^-^, and Cu+—^Cu+©. 

iji'it*tho?e who are prepared to allow of this idea for cop'jjiSF'eequMe 
something difierent in the ^ctly similar case of silver, in which case 
they say that the process of cathode discharge is not Ag+-^Ag + ®, 
discharge, that is to say, of a positively charged cation at the cathode— 
a process one can understand—but Ag(CN)j“-i»Ag+2(CJJ) ~+®, which 
m§ans ^at, at the cathode, a negatively charged complex splits qp into 
negatively charged (CN) and neutral silver atoms. Unless the one 

^ Quantitative Analysis by Electrolysjs (trans. by Hall), 1913, pp. 47 and 48. 

* Chapter IV., p. 33 (Reaction iv.). • 

* At^ ta W. Hittorf. 

* Zeu. J. Ele^oenefnie, 1906, vol. xi. p. ^46. . ^ 

* Vide A. J. AJhnand, Principles of Applied Eleciroi^mistry, 1912, pp. 12(fand T26. 
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expression given for silver is intended to represent the equivalent sum' 
of the two given for copper, it is not easy to imagine the mechanism 
whereby silver becomes deposited. Those who hold this alternative are 
obliged to speak of reactions following one another at inj^te speed in 
order that their explanation may hold: indeed, though the matter cannot 
be thrashed out here, the author is much inclined to think’that theory 
has run wild in the case of cyanide baths.i AS an instance of academic 
theoretical deduction, the following iustanc? may be cited. After con¬ 
siderable argument about what are called cathode (or electrode) potentials,, 
it is said by one author : 

“ We see therefore that even aft low current densities large quantities' 
of hydrogen must be evolved siihultaneo^sly Aith the copper deposi-^ 
tion. . . . The experience of thq electro-plater corresponds fully with 
these results. Although the current density is low (0 ? amp./dcm.^') yet 
the deposition of copper is accompanied' by a violent gae evolution.” ® 
As a matter of fact, violent evolution of hydrogen is not a common pheno¬ 
menon of the alkaline copper bath when properly worked in the shop, 
though considerable evolution may 4"d does< occur in cases where a 
great excess of potasrium cyanide is present. Deposition of copper proceeds 
in the bath given above with very little evolution of hydrogen ; and as 
regards the brass-plating solution, based on the double cyanides of 
copper %nd zinc, and, therefore, analogous to double cyanidff baths of 
copper and of silver. Dr. Gore “ says that if ammonium tartrate is 
added to the bath “ evolution of hydrogen may usually be avoided, 
or should it, nevertheless, take place to a slight extent, it may he 
entirely stopped by the addition of some cupric ammonide.” And Dr. Gore 
states that cofttinuous deposition can proceed and thick coats of 
brass be obtained then; the practical man knows that thick solid 
deposits are only consistent with good efficiency, which, in turn, is 
consistent only writh low^ hydrogen evolution. Spitzer’s liguref> and 
those of Brunner * for silver solutions, and C. J. Wernlund’s ® for 
zinc cyanide baths, prove that, as a rule, reasonably, and, sometimes, 
quite good efficieney can be obtained with cyanide baths, when -workilig 
under proper conditions ; and F. C. Mathers * has'shown that a bath he 
composed gave 100 per cent, efficiency at both anode., and cathode. 
Such efficiencies are not consistent hvith copious or violent wdlution 
Jiydrogen, but are obtained in workshop practice from baths that do not 
cqiutsfiiii^^ excess of cyanide of polassium, which undoubteffiy increases 
the evolution of gas. It must be added such high yields as Main^s 
obtained are not the rule in practical work,; but the fact that they can 
‘ be obtained, and at current densities, too, about twice^ as high as that 
usually employed with the alkaline copper bath, shows that any theory 

* For further information (in respect to silver potassium cyanide solutions) "the 
following references may be consulted: H. Danneel, Zeit. /.i%ieibfrochsm.,,1803, vol^^iz. 
p. 700, and F. Haber, ibid., vol. x. p. 773. Allmand, of. oil., sumnk'ng up the authorities, 
says this view is “ very probable,” but that is as far as he goes. 

* Allmand, of. cit., p. ^12. • 

* Ekctrometallurgy, p. 284. 

* Wss. Dru., 1907. 

Wrane. Am. Electrochem. Soc^ 1921, vol. xl. p. 267. 

* Ibid., 1918, voL zxziv. p. l^i. 



COPPER 


117 


'that leads to the remarkjthat “ large quantities of hydrogen must be 
evolved along with the deposition of copper ” is faulty somewhere. Tjie 
author, therefore, prefers, as a working hypothesis, and in the absence of 
any certainty? the former of the views mentioned; it is simple, and one 
that can be consistently applied to all cyanide baths. But it must, of 
course, be recognized that it is but an hypothesis, even though it enables 
one to exercise an intelligent control of the working of cyanide solutions. 


(c) Operation 

• ... . 

Table VI. indicates, in c(/nvenie|ft #orm, some of the defects (or 
‘ “ troubles *’) met with Vhenjworking with the cyanide of copper bath, 
the causes of them, and the remedies it is necessary to apply. 

It has to be afways remembered that cyanide baths are unstable, and 
changes in composition are the more rapid the higher the temperature at 
which the bath is worked. Moreover, the anode efficiency is not nearly 
so good as it is in the case of the jicid bath. As a consequence, frequent 
additions of chemicals h#ve to be made, including salts containing metal 
(copper). As regards the content of free cyanido, MaKiers has found that 
very little is necessary maintain the anodes in a clean condition. The 
best way^to provide for the addition of metal salts is to make a strong 
solution of potassium cyanide, warm it up to about 120° Paiir. in jn 
earthenware vessel, and add to it as much Chevreul’s salt (in a moist 
condition) as it will dissolve. This should be done either in the open air 
or in a place where there is a good draught: it must not be done in a 
closed room. To aid solution of the salts, this, if dry, should be made 
into a paste with water ; if this is not done, the dr)^ pafticles of the salt 
will be surrounded by films of air which will prevent ready solution by 
the cyanide. When the saturation of the cyanide by the Chevreul’s 
salt ii completed, the solution should be alloyed to cool somewhat, and 
then, after settlement of any soli(J and insoluble matter that may have 
separated, siphoned into a clean carboy, and kept as stock solution for 
addition, when needful, to the plating bath. Care should be taken that 
anodes are oletoed onc5 a day at least. They shoqld not be allowed 
to remaij} in cue solution when this m not at work; for, if they are, they 
'will almost certainly become “ furrett ” or “ choked ” by a«oat of some 
complex compound formed by the acifon of the components of the batjj 
i«"Uq4,^em. Another majter of importance is that if iron gtsaiii»>fiBPS 
ate used for heating purposes, ^nd these are in the solution, as is often 
the case, these pipes must ie .insulated and not allowed to become in 
direct or indirect; contact with the rods or the tank holding the solution.*^ 
The tank, too, ought to be insulated. More than once the author has 
fdhnd (jhat the complaint of slow deposition was due 4o the fact that 
tlift sides of the tanl»were getting the deposit instead of the work. It 
•the bath reconanfended above is employed, there is no reason why a 

• 

’ Oyanide solutious are nearly always contained in iron tanks. This has become 
common fvactiae, bnt it is not good pracljce all the same, li tanks insulated^on the 
inside were nsedf many of the troubles ana much of the waste met with in t^e ca^ of 
alkaline baths would m aToided. ' 
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wooden vat, lead-lined, and match-boarde4,pn the inside, should not' 
hp used ; but, in this case, care must be taken not to let the temperature 
rise above about 80° Fahr., and, further, care must be taken as to what 
arrangements for heating are employed. 


TABLE VI 

0 

Defects op Copper-Plating (Cyanide Bath) 


Defect. 

Cause. 

i 

Reme<ly. 

1 

1. Slow deposition 

f 

^ 

1. (rt) Bath pool in metaL 

1 

(/>) Too much cyanide. 
This will \h' ifpparcnt 
fmm a too clcmi 
n]> 7 K'anincc ol the 
anodes and from a 
too c opions evolution 
of pas (liydrogcn). 

IMa) Add some cyanide of 
f potassium solution, 

saturate^ with Chev- 
rtjul’s salt. This 
should always be 
kept in stock in a 
(carboy. 

{b) Add Chevreul's salt. 

« 

• 

2. Low metal content. 

2. This is djic, especially, to 
inequality of anode and 
cathode eHieiencies.whk h 
in turn IS very often due 
to luyerbof non-con<luct- 
ing and insciluble slimes 
on the anodes. 

2. Clean anodes. Add potas¬ 
sium cyanide or sodium 
sulphite. Remove an¬ 
odes from the bath and 
clean tlicm at the end of 
day’s work. 

« 

3. Blue deposits on 
anodes. 

3. Formation of ciipro-cnpn- 
cyanidr. * 

3. Add sodium * sulphite. 
Scour and clean anodes. 

a 

4. White deposits on 
anodes. * 

4. Formation of cuprous cy¬ 
anide. * 

( 

4.*^A<fd pot«3sium cyanide. 
tScour ani^ clean anodes. 

•* 

^6. Solution a blue 

5. Insufficicncv^f (“Vanide. 

‘ 1. * 

5. Add potassium cyanide. 

. • - , 

6. Blisters on deposit. 

- 1 — r- 

6. (o) Low metal contend.. < 
(6) Too much cyanide. 

(c) Too high current den¬ 
sity. 

6. Remedies for all those 
causes obvious. 

«! 

« 


■K 


Thp. Acid Bath 


^ ‘ (a) Composition 

before stated, the two-compohents of the acid Wtfi ar? copper 
sulphate (the “ blue vitriol^’ of commerce) and sulphuric acid (oil of 
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Vitriol). Proportions that jwill serve many purposes are; 2 lb. sulphate 
(free of arsenic), 6 fluid oz. of acid (1'820 sp. gr.), and 1 gal. of watej. 
The sulphate may be good commercial salt, and the acid should be 
pure white vitriol; the latter must not contain such impurities as iron, 
lead, and arsenic, which are often to be found in impure and cheap acid. 
The composition given abpve is that of a, so to say, standard bath; but 
it may be necessary, in specific cases, to add more of either or both 
components. For instance, 6. Cowper Coles used as much as 10 per cent. 
t)f acid in his bath for depositing copper on rotating cylinders.^ 

• $ 

•(6) Worhing Somitions 

The spedjic gravity of a bath of the composition given will be 14° 
to 16° Bo. Curreili density may be from 10 to 16 amp./ft.® in “ still vat ” 
work, and 15 to 20 amp./ft.^ with agitation. E.M.F. varies with the rod 
distances, number of anodes, and temperature, among other things. At 
9-in. rod distance, 2 to 3 volts is u^ival with a full load of work. Anodes : 
good commercial metal (^arantajd free of arsenic and sulphur) should 
he used. Electrolytic copper, though purer, often cau.'.es trouble through 
not having been propejly heat-treated. Agitalio'ii: rod movement at 
least shopld be used. Another good method of agitating the solution is 
to employ a suction and force pump driven by a small motor. Agitation • 
by blowing in air—a common practice—is b d. 

It 

(c) Operation 

The acid bath is commonly considered quite simple*to work. It is 
easy enough to obtain copper deposits from it, but to obtain deposits 
that are really such as are, or ought to be, sought is not by any 
means the, simple matter it may seem. It i^ in the caSe of this bath, 
very necessary that the operator should know what physical and 
mechanical properties he requires the deposit to possess, and suit the 
conditions of deposiljon to the formation of metal having these pro¬ 
perties. This ftquires s*kill and knowledge and mucle more care than is 
usually gjv^. It has been stated Jy d- W. Denny,“ regarding a parti¬ 
cular case tnat: “the process, which is comparatively simple, requires 
a skilled depositor to take care olf the innumerable details which 
stndy and attention if successful results are to be^/ibjjjiBe^” 
This is true in general, and»not in this or that particular case merely. 
The operator must keep a careful eye on both the macroscopic aspect of 
the deposit and the wear of the anodes. He must keep the current density* 
:;nd the composition of his bath approximately constant; and he must 
kSep thg bath dean and free from floating matter. I^is always good 
pActice to keep plating baths clean ; it is a sine qua rum where a.thio|i 
deposit is requked. One and a principal source of floating particles is the 

• 

' Trana. Far, Soc.^ 1906, voL i. p. 223. The solution us^d by Coles was; Copper, 
sulphate,*92 oi.; sftlphatc acid, 12*6 oz. r. water, 1 gal. (vide Jour. l.E.E.f 1^, vol. 
xxix. p. 276). • 

• Eleeiro’-deposition of GoppeVt p. 56 (Pitman). 
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material of the anodes, whether this is electrolj^ic copper or-ordinary 
mmmercial metal. When the former is used, it is not infrequent to see 
the anodes covered with a loose, powdery material, which becomes de¬ 
tached and floats in and on the surface of the solution. This is a copper 
dust, formed through the disintegration of the anodes. These consist 
of very small crystals,^ which are attacked along their junctions during 
the electrolysis of the solution, and become separated from one another. 
Proper heat-treatment would havA prevented this; but if this has not 
been given to the anodes, such a dust as has been described will be formed: 
On the other hand, anodes of ordinary copper contain impurities which,, 
as the anodes dissolve under the action of the current, are left as and 
form a sludge on their surfaces, and this slijdge^S always liable to become' 
detached. The way, and the only way, to avoid the troubles caused by 
floating particles derived from the anodes is to interpose a filter or strainer 
between anodes and cathodes. This can ‘be done with ver^ little trouble. 
Thus, either the anodes can be enclosed in linen or fine canvas bags that 
more or less fit them, or a screen can,.be formed by stretching a piece of 
linen, or the Uke, over a wooden frame, and fixing this simple form of 
filter in front of the anodes. Very little ingenuity is required to devise a 
suitable and simple means of preventing anodj detritus from reaching 
the work. Any trouble taken will be well and surely repaid. The author 
ifi not advocating an 3 rthing elaborate or unpractical: he is suggesting 
to others that they should do what he himself has, many times, done in 
workshop practice. Floating particles are due, too, to allowing vats to 
remain uncovered when not at work, or allowing assistants to “ sweep 
up ” while the vats are uncovered and without previously watering the 
floor. And, thirdly, they may be caused by stirring up the sludge at the 
bottom of the vats either during agitation or when adding salts or acid. 
The depositor must take care to remove at once any articles (especifiUy 
iron ones) that drop intq the solution; this precaution is of special 
importance in the case of the acid cogper bath. A number of the defects 
met with when working the bath, and their causes and‘remedies, gre 
pointed out in Table VII. This form of presentation is more convenient 
and simpler than Retailed description. * 

« 

(d) Electfpde Reactions 

copper bath, though Apparently, so simple in (jompgsjjiqn., 
has been The subject of much scientific ^nyestigation. The resxJlt of it 
all is that, even to-day, there is some (Jifi^eoce of opinion as to what 
* exactly the electrode reactions are. A full discussion of tlje position would 
be out of place here, nor is it necessary. What is especially needful ie 
that a competejft operator, or one who has to supervise the pipoess'of 
f oppv deposition, should be able so to visualize wie mechanisms of <he 
reactions at anode and cathode as to be able, with considesable knowledge, 
to control his baths with confidence. Ejsict and complete information is 
not a jiecessity for practical purposes, even if it could be attained. Advan¬ 
tage will be taken of the opportunity here offered to don6lfler*518ctrode 
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TABLE Vn 

Defeots or Coppeb-Platino (Aon) Bath) 


• 

Defect. 

Cause. 

Remedy. 

1. Rough deposit, 
surface gritty or 
covered with out- 
* growth, lutnpH, or 

warta : • some' 
times scored. 

1. AxUing Partidea. {Vide 
als^ 5 infra.) 

1. PiUer solution and keep 
it clean. 

2. Saniy deposit, 
surface fairly 
smooth, of soarse 
grain, but not 
obviously cry¬ 
stalline. 

k 

2. (a) Too little free acid. 

(6) Need for agitation. 

(c) Too Hittle metal (cop- 
jkt): bath too dilute. 

♦ 

2. Remedies are obvious. 

3. Crystalline aspect . 

3. If the composition of the 
^ bath is correct, then a 
crystalline (especially a 
coarsedy crystalline) as¬ 
pect shows that agita¬ 
tion or increased agita¬ 
tion is necessary. ^ 

3. Remedy—obvious. 

4. Dark or red colour 
—especially at 
edges and cor¬ 
ners, The colour 
should be salmon 
%ink and uni¬ 
form. * 

4. jf'oo much current. 

4. Lower current, or agitate 
if movement has not 
been used. 

» 

* • 

6. Dark colour over 
general suiiace, 
together i^th a 
« Toug^ liildace. 

Too little free acid. The 
•acid prevents the forma¬ 
tion of cuprous oxide at 
the cathode • cuprous 
oxide has a dark colour, 
and, becomingeitangled 
in the deposil, makes 
this rough. 

• • 

6. Add acid — carefully. 

e 

is. Black or brown 
streaks. * 

• % 

0, Impurities in the bath, 
e.g.y and especially Ar¬ 
senic. 

6. Suspect anodes and acid 
u^. The only remedy 
is “ working out ” {vide 
Table^m., col. 3, of 
Chap. VI.). Fcjf a 
method of detecting 
arsenic, see any text¬ 
book on chemical analy- 
As. The test oallw 
Marah’sis a |;ood 
one. • ^ 
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TABLE VII— cotdin&ed 


Defect, 

Cause. 

flemedy. 

7. Bright deposit . . 

7. Impurities — probably or-it, 
ganic matter, e.g. glue 
or resin from the wqpd 
of the Tat: sometimes 
arsenic will cause bright* 
ness. f 

t * 

• 

7. Working out. 

S. PiUed deposit . . 

1 

8. (a) Too muck acid—^aus-l 
ing g\8 evolution. 

N.B. — In this case 
the deposit is formed 
slowly, but wluvt 
there is has a good 
colour. ^ ^ 

(6) Too much c^^rrcni. ^ 

iV./?.—-In this case 
the deposit will be 
<lark. especially at 
comers and ridges — 
i.e. " burnt.” 

(r.) Need for agitation. 
I^ng-continued de¬ 
position in a still 
vat ” causes the 
cathode layer of 
liquid to become 
weak in metal, and 
as a result hydrogen 
is liberated. 

• 

8. The remedies to be ap¬ 
plied are obvious. 

« 

4 

# 

1 

9. Brittle deposit . . 

K 

9. This is U8uall3^1uc to the 
kind of internal struc¬ 
ture of the deposit. 
Acoarse>grained deposit 
is, in the c|8e of copper, 
usually brittle. tSo, too, 
is a sandy deposit {vide 
also 2 a%d 3 supra). 

4 

4 

9. The conditions of deposi¬ 
tion mTist be amen^^ 
and those adopts which 
• • will^ve a deposit of 
fine grain and mailable 
metal*' Adtation is 
often heTpiiu. * 

4 ^ 

10. Hydrogen evolution 
— resulting in 
pitting and dark 
deposit. 

i4- 

k 

• 

10. Too much current ^rui/or 
acid. The deposit is 
dark owing to inCluJfon 
of cuprous oxide (Ou^O). 
Cf . F. Forster and Seidel, 
Zeit.Anorg. Chem.t 1897, 
vol. xiv. ]>. 106. 



reactions from the goint of view of what is called the Electron Theory. 
What ia said below in that regard is applicable not only^to the acjd copper 
batt, bgt to the electrode reactions l^iat occur in solutions t)! safia of other 
metals. Unless the reactions are considered from that point of view, no 
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sufficiently satisfying mental picture of their mechanisms can be formed 
or one that accords with the discoveries of modern science. ^ 

1. The general way of setting out the.electrode reactions in the case 
of the acid copper bath is represented graphically in some such way as 

the following in the better text-books on electro-plating; ^ 

* 

(i) As to copper sulphat%— 

Cu I SO 4 

Cathode * /1 | Anode 

I Cu ■(—;—— Cu++{S 04 )-- ->■ SO 4 

(aftef discharge) * (after discharge) 

. .* • Cu-i-S 04 =CuS 04 

(ii) As to the sulphuric %ciA >- 

H, I S04 

Cathode ' | Anode 

-2H+ (SO)4---VSO4 

(after discharge) (after discharge) * 

• • S 04 -l-Il 20 =H 2 Sn 4+0 

' The interpretation is that: ( 0 .) molecules of copp*r sulphate and 
sulphuric acid split up, oji solution in water, into copper and hydrogen 
cations and sulphanions, (SO 4 ) - -. {h) The former, being po.sitively 

charged, move to the negative electrode and become neutralize^ there,, 
while the sulphanions, being negatively charged, move to the anode and 
are neutralized there, (c) After becomit^ neutralized, the atoms of 
hydrogen and the complex radicle.s (SO4) react chemically. Hydrogen 
atom unites with hydrogen atom to form molecules (Hj), which, under 
•certain conditions, escape as gas. The sulphate radicle Aay cause the 
copper anode to dissolve and, thus, copper sulphate to be formed; or, 
as shown in (ii), it may react with water, giving rise sulphuric acid and 
oxygemgas. Field says ^ : “ The 11 ions move Jo the catlrcde and there 
they Pirn ouf copper — , 

’ 2 H-hCuS 04 =n 2 S 04 -fCu.” 

He may be right* in part*; certainly no hydrogen ga% appextrs at the 
cathode, w]jen the acid copper bath ts^orked under normal conditions ; 
and W' ■PfanSauser thinks that hydrogen may play some such part.® 

• 2 . Km above schemes undoubtedly represent a good deal of the ^ 
^rnJjjy^jjjjpeming the electrode reactions in the acid copper ba^. 
the representation as to what becames of the hydrogen after the hydrions 
are discharged at the cathode mpy be true at times, e.g., if too much 
current is employed. But research has shown that they must be taken 
to represent end or general results only; they do not represent all the 
Hruth. They will suffice, as a minimum, the needs of a depositor; but, 
in tllfese daye, more should be known of the mechanism of electsode 
reactions, and espeffially those of the acid copper bath—always provided 

*<3f. 8. Field, The Prineiplee of Eledko-depoeition, 1911, p. 168. (Longmans.) This 
book is intended for use in the laboratory. , 

• Op. cit.rhc. ait. Field means—The hydipgcn atom resulting from discharge of the 

hydrogen ion turns ent the copper. The hydrogen ion dc^s not do so, of oonrse. • • 

* Die ekktrolytischen MetdUniederecUage, p, 675. 



124 


MODERN ELECTRO.PLATING 


idle speculation is not indulged in, as has been done in the case of the 
cyanide bath. This requires a statement of Ihe happenings at anode and 
cathode during electrolysis that is more accordant with modem views. 
E. Fournier d’Albe* has stated them thus for the case»of hydrochloric 


acid—a very simple case : 

“ The H atoms * arrive at the negative plate, which Contains a vast 
number of electrons * ready to pass out of the metal into the solution on 
the slightest provocation. Such provocr tion is supplied by the H ions, 
which, having lost an electron each, are^ positively charged, and attract,- 
electrons out of the metal. When this t vkes place the positive atom of 
hydrogen becomes a neutral atom. It immediately disengages itself from 
the embrace of the water molecules whjch have clung to it during its 
charged state, attracted by .some as yet' mysterious force, and becomes 
an ordinary gas. As it accumulates, its pressure becomes such that the 
water can no longer hold it in solution, and it escapes from the water 


in the shape of bubbles. 

At the anode the converse process happens meanwhile. The chlorine 
ion, having an electron to spare, lets it pass mto the positively charged 
plate, and the chlorine atom becomes ordinary, neuirral chlorine gas. 
In the case of a solution of copper sulphate, the copper is deficient (most 
of it) of two electrons, and the sulphate ion has two to spare. Hence, 
two electrons must pass from the cathode to the copper ion in order to 
make it an electrically neutral atom of copper; and, similarly, at the 
anode, each single sulphate (on parts with two electrons to the anode 


plate. 

Using the modern notation, the case of copper can be represented 


thus: 


At the cathode Cu+'*’ + 2©—>Cu ) 
At the anode (SO^)- 2©—^(SO)^) 


The important thing for the depositor in the workshop is that he 
should always be picturing in his mind these electrode reactions or 
happenings. The cathode surface should be pictured as the locus of a 
vast number of electrons—units, that is, or, as one •-•nay say, atoms, 
of negative electricity; and the process of the arrival of the copper ions 
at the cathode, the dropping of the water molecules in som#'vJay attracted 
to them, and the actual proces' of the taking up of electrons by th& 
i(*a«siould aU be mentally conceived. The way these .reactions arc 
represented on paper is of secondary inmqrtance ; it is just a pcmvmient 
chemical shorthand. It will be noted that consideration of the electrode 


' The Electron Theory^ 1906, p. 110. (Longmans.) 

* He means “ not “ * 

* “ The atom of negative electricity, which, like the atoms of any one element^ are 
all p^isely of the same kind, and, so far as is known, arc n<\^' divisible intp smaller '‘'.nits, 

** is termed the electron ’* (F. Soddy, Matter and Energy, p. 161 (Williams & Norgate)). 

* Oa +1 signifies a copper atom with two positive charges—one, that is, that has lost 
two elects^ns. It is the copper ion. I’he syiLbol 0 represents the atom of negative 
electricity—^the electron. ( 804 )- ‘signifies the sulphanion—the sulphate complex (SO4) 
canons two electrons to spam. It is thus charged with two atoms of n^ativa ^ectrioity. 
Tl^ mi^hanion is sometimes written thus: (SOi®®). Chapter VI. of Prof. Soddy’s 
little book will well repay caie&l study in connection with this matter. 
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reactions from the point of view of the electron theory gives more meaning 
to such phrases as “ discharge at the cathode ” (or anode); the mechanism 
of discharge becomes clearer and more real to the mind. * 

3. Other reactions are known to occur at both anode and cathode 
besides the simple ones just described, and they have to be taken into 
, account. Theie may also take place at the cathode a reaction represented 
thus: • 

Cu+++e—.(2), 

•which reads—a copper atom minus two electrons (which is equivalent, 
electrically, to'canying two units of positive^charge) takes up one electron 
at the cathode, and becqjnes a coppcr/atom minus me electron. The 
former is called a cupric iqji; the latter a cuprous ion. These cuprous 
may, in their turn, be discharged, thus : 

, Cvf^+e—i-Cu ■■.(3), 


which reads—a copper ion minus cue electron (which is equivalent, 
electrically, to carrying unit positive’charge), takes up an electron at 
the cathode, and becomes an eleotfic.-illy neutral atom of copper. 

The ways in which these three cathodic reactions are represented in 
many text-books are somftwhat different from those given.^ The usual 
way of presenting them is : 


1. Cu"— i- Cu-f 20 I*-®-’ 

2. Cu"—1- Cu-he I*-®-’ 

3. Cu—s-Cu-he 


cupric ions to metallic copper. It 
corresponds to 1. 

cupric to cuprous ions. It corresponds 
to 2. , 

cuprous ions to metallic copper. It 
corresponds to 3. 


It IS suggested that these forms of presentation ^ are not so easy to 
read,^8nd it can be argued that they are capable of misleading. The 
prac^qj man heeds some shorthand way of representing what he can 
see in his mind’s eye. This need is not supplied by this last set of presenta¬ 
tions it is by tSle former set. The author, therefore^ for that reason 
especially,,\ii^ M many others also, prefers to follow Lehfeldt and others.® 

4. 'Wben the sulphate ions become neutral sulphate radicles at the 
Unode, they attack the material (cop^fr) of it, and metal passes into « 
The shorthand method of presenting the happenip.gs at-tHe* 
anode shov.' how this solution (wcurs. Thus ; 

Cu —*2©—>Cu++ 

Cu —. 0 —» Cu+ 

Cu+— ©—»Cu++ 


^ B. Abegg’s Handb. ^Arutrg. CAem., 1908, vol. ii., Part 1, p. 476 (Hirzel, Lei^g). • 

Aid see T. R. Brigg’riSodifioation of B. Luther’s theory, Trane. Am. Ekctrochem. Soc., 
1921, vol. xl p. 231. ( 

* Beading from right to left, one sees what happens at the anede—the same happen¬ 
ings as ar^Qut in^ di^rent way in subsection (4). * 

• Eleotro-Chemietry, Part 1, pp. 12 et saq. fLongmansJ And cf. M. le Blanc, ^ehrb^. 

BleUrochemie, 1911, p. 13, (Leaner, Leipzig.) * 
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These may be read : 

An atom of copper is deprived of two elefctrons, and becomes a cupric 
Ion—doubly and positively charged. 

An atom of copper is deprived of one electron, and becomes a cuprous . 
ion with a sinjgle positive charge. 

A cuprous ion is deprived of another electron, and beconses a cupric ion. „ 
When do these thmgs happen ? And hoV does the discharge of the 
sulphanions bring them about ? Thes^a^je questions to which answers 
have to be given : one cannot slur over tbem or (ostrich-like) ignore thenit, 
It has been well said that when an author writes with a mi^y profundity, 
it is a safe rule to assume thk be is talking nonsense.^ The truth is that 
neither of the two questions just )put can be given a rigidly exact answer-r 
scientific knowledge does not suffice. Bife a ftiental picture (eine Vorstel- 
lung, as the Germans say) of whSt may very likely ha«ppen can be formed, 
and it is one that does not seem overdrawn. The sulphate radicles, one 
can imagine, attack the atoms of copper of the electrode, attach them-® 
selves to them, and drag them into the solution, the process being assisted 
by a force,^ already acting on the copper atoms, that tries to force them 
into the solution. Molecules of copper sulphate of this origin are thus ' 
existent, at any rate momentarily. Some of them are ionized—that is, 
split up into ions—no one knows how. In most cases the copper atoms 
are deprived of two electrons (formation of cupric ions); in a few, of only 
”one (formation of cuprous ions): in certain circumstances an atom already 
deprived of one electron wil) be deprived of still another (formation of 
cupric ions from cuprous). The answers will be, then (on this view), that 
the sulphate radicles (the discharged sulphate ions) bring the copper 
atoms into a medium in which the two are then, many of them, separated- 
again—perhaps by the actions of the water molecules.® Only now, after 
separation, the two parts of each molecule are charged, because, on 
separation, the copper lost two electrons, and the sulphate radicle gained 
two. This view of the mechanism of the anode reactions suffices to enable 
the operator to understand better the end result that occurs at the anode, 
namely, solution of copper. Their final representation has already “been 
given. ® ^ ••-> 

The foregoing discussion of the electrode reactions that occur during 
electrolysifs, of the acid copper bath is not of academic iBSbrest merely. 
The author has found knowledge of the facts enclosed in it of great use 
the workshop, when face to fSce with difficulties that gccuHn^ajlv 
practice. ‘''For the sake of clearness, an(J by way of summary, it ml^TOth 
advantage, perhaps, be again pointed 9 utp~(<i) That a knowledge of the 
reactions as set out in sub-section(l)above is sufficient, asabafemiwmuwi, 
for the practical man, or, better said, for workshop mactice ; (6) tjiat 
when these are considered from the point of view of the electron thaory'i 
the^tual mechanisms at the electrodes become<,more vividly ^ortsayed 
to the mind; and (c) that the presence of cuprous ixus in the solution 

has to be kept in mind, and taken intotaccount. 

<, 

> A. K. Whitehead, Introduction to McUhematict. (Wiiliatms &^or£gt§.) 

, • The so-called electrolytic soiulton'pressure. 

• Vide G. D. Hinriohs jTOw, Chapter II., p. 17. 
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It IB very probable that what has been said does not exhaust, even in 
outline, the subject of electrode reactions in the acid copper bath. It is 
certain that there exist in this bath, as usually employed, complex anion^ 
of the type (HSO4) -, as well as the sulph’amons, (SOJ " ■; and A. Bol¬ 
lard’s work on tne conductivity of mixed electrolytes shows that other 
complex ions ^adst in the bath.‘ But it is unnecessary, except where one 
intends to undertake pure ijisearch work, to be concerned with the minor 
or exceptional reactions : the niain ones are those of importance to the 
practical man. 

* ’ ^EUOTURE „ 

The consideration of ^the structure* of* electro-deposited copper is 
dealt with in Chapter XL ip connection with an outline description con¬ 
cerning the structure of deposited metal in general. It may, however, 
be noted here that Structure is of, very great importance, for it h^s been 
.definitely established by the experimental work of Kiliani,^ von Hubl,® 
Porster, and Seidel * and others, that the properties of the deposited 
copper depend upon its structure, aiii'^hese, in turn, upon the conditions 
of depositions. 

* Jja Theorie dus Ions, pp. 200 ot seq. {Gauthier-Villarn, Paris). Sec also R. Abepp, 
op. cit., p. 545. The article on'cop|H'r, contained in Abepg’s handbook and written by 
prof. P. G. Boinruin, is a masterpiece of scientific writing. It contains, too, a full list 
of references to original researches carried out on the aidd copper bath. 

* Berg und HutlenminnucJie Zeituwj, 1885, j>. 249. 

* Milt. de$ k. u. k. miUUtrgeog. InsL, 1886, vol. vi. p 51. 

^ Zeit. f. Eleklrochetn., 1899, vol. v. p. 508. ^ 



CHAPTEK XJ 

THE STRUCTURE OF ELECTRO-DEPOSITED METAL. 

« 

I N the previous chapter aiivantage was taken, of a favourable oppof- 
tunity to introduce the modem view of* electrolysis—^that is, th? 
view that makes use of the electron theor^ and the present-day conception 
of the atomic nature of electricity, foreshadowed by Helmholtz in his 
Faraday lecture before the Chemical Society in London.^ The purpose 
of the present chapter is to consider the stmcture of xlectro-deposited' 
metals. In doing so, greater promjtysnce will be given to the structure of 
copper, since the stmcture of tW% metal has been more thoroughly 
investigated than that of other deposited metals. 

* 

CRYSTALLIZATION 

« 

It is now a matter of almost general agreement that electro-deposited 
metal is, with few, if any, exosptions, crystalline material.® So abundant 
is the evidence for this view, and so general is it, that it would not be 
profitable to discuss the matter here. Deposited metal being, then, 
crystalline, tlie laws of crystallization that govern the formation of 
crystals of other substances, such as salts, igneous rocks, and metals 
as formed in ordinary metallurgical processes, may be expected to hold 
in the case (3 metal foimed during electrolysis. An attempt hfis been 
made elsewhere to work out the validity of that idea, and, in illustration, 
the structures to be found in deposited iron were considered.* Broadly, 
it may be said that the two factors which detei;mine the structure of a 
crystalline masaare (1) the formation of nuclei, and *{2) crystal growth. 
A crystal must have an origin it space. This is usually referred to— 
somewhat* indefinitely—as a nucleus. The nucleus, or,' better, the 
embryo, is really the initial and finit aggregate of atoms arranged spatially 
•JTPnn or^pred manner by the so-called “ forces of cryst^liz^ljjjjj^j Ic 
forms a centre of growth. The greatei tke number of embryes formed in 
unit time in unit volume, the smaller the grain-size of the crystalline 
mass will be when formed. If the number of embry/js formed is small, 
the grain-size of the mass wiU be large. The factor, spper-saturation, 
governs both *£ormation of nuclei and also crystal growth; ,‘unle^ thft 
medium in which the crystal originates or growf. is super-saturatefi with 
the substance of which the crystal consists, crystalliilstion cannot occur. 

* This chapter may be read at an ea&er stage if convenient. 

•./our. CJent Soc., 1881, vol. xxxix. p. 277. . 

• at. F. Forster, Eleldrochem. wtisa, Ldeungen, 1922, p. 38^. § f. ‘ * 

* The Sltchro-deposi^on of Iron, published by H.M. Stationery Office. 
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A word of explanation is necessary as regards the expression “ super¬ 
saturation.” One substance, A, is said to be super-saturated by another, 
B, when undenthe conditions of temperature and pressure prevailing, ft 
contains more (f B per unit volume than it can retain in the dissolved 
state under these conditions. The difference between the amount it can 
retain under-given conditions and that actually contained in it will be 
deposited upon slight pro«'ooation, such as shaking, sowing with a small 
crystal of B, and so on. The jolution is super-saturated to that extent, 
jja a general proposition it m» be said, that the greater the degree of 
’ super-saturation, the quicker t^e deposition of the excess and the smaller 
the crystal grains will be. 

Inpluencb»of'The Rate of Deposition 
(i) SJow Deposilwn 

If the foregoing statements of the laws governing the crystallization 
of substances in general be borne jn mind, then present-day knowledge 
of the facts of metal deposition enables one to understand the structures 
that may be seen in deposited metal, when this is^examined with a 
microscope. For instance, other workers,^ as well as the author, have 
observed that coarse-gftiined structure is associated with slow and 
undisturbed deposition ; this has been found to be so in the cases of iion,j^ 
zinc, copper, and cadmium. Slow deposition means that comparatively 
few atoms of metal are amildbk for the formation of crystals. Hence, the 
super-saturation of the layer of solution n^xt the cathode surface will be 
slight. In the case of salts, such a condition of things leads to the forma- 
, tion of large crystals, and, thus, there is found to exist an association of 
slight super-saturation with coarse structure in the cases of both crystal¬ 
line substances in general and electro-deposited metal. It seems an 
inevitable conclusion that coarse (that is, large-grained) structure is 
caused by, or is the result of, slow deposition. If one forms a mental 
conception of .the habitants of udit volume of the solution adjacent 
to th»''3athodc surface, conviction becomes still greater. Such a unit 
volume is the locality ^f«noving molecules of each of the constituents 
in the solution,,of ions of the various components—^inffluding, of course, 
metal ions^nd of discharged ions—oi atoms, that is to say.. As regards 
,the free, discharged atoms of metal, the^, except in so far as they interact 
’ with other substances, are free to unite and form crystal grains of 
me^M';- fh order that the atoms may form a crystalline embfyo, enough 
of them must come sufficiently cfose together ; and the fewer there are in 
unit volume (that is to say, tne less the super-saturation), the less likely 
this is to occur. What will be more likely is that the individual available 
.atojns will coi'ne under the influence of one or other of the crystal grains 
foriqji^ the, mass of ^e deposited metal, and, thus, that these gpins^ 

• ' Cf. M. von SchTpftz, Iriier. Zeit. /. Meiallographie, 1915, vol. vii. p. 124. Also vide 
Jour. Inat. MetaU, 1020, vol. xxih. p. 6J6. 

* Vide “ Idiumorohio and Hyp-idiomorphio Structures in Efectro-deposited Metal,” 
Trane. Am. Bhclrochem. Soc., 1922, vol. xli. p. 317. Sieverts and Wippelmann (c^. 

Kote 3, p? 10u^d.t^t largeness of Was associated with low current dei^ity <^en 
though some measure of agitation of the electrolyte wa^employed. 
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will “ grow,” and this grain-growth leads, of course, to coarse Btructure_. 
It is interesting to consider when depositioa will be slow or, in other 
’fi'ords, when the availability of atoms for formation of the. deposit will be 
small. It will be convenient to do so in separate division^. 

Deposition will be slow in the following cases : 

{a) When the currmt density is small, for, in this case, the; Lotal number 
of ions liberated at the cathode per unit time i?,small. If all the resulting 
metal atoms are available, the number fupe to form metal is still small; 
but, in many cases, the whole of them mil not be available. Chemical 
interaction between the liberated ator^ and the components of thb 
medium surrounding them mdy opcur, as happens to a very ^eat extent in. 
the case of the alkali * and alkaliite earth ^ metals, and also in the cases of 
magnesium, aluminium, and others. In these oases the number of free and 
available metal atoms will be still cmaller, and may be very small indeed. 

(b) Deposition may be slow even thowgh the current ^nsity be great, 
or, at any rale, considerable. This is a very interesting case to consider, 
because some confusion has arisen in the past in interpreting the structures 
obtained when higher current densities are employed. In regard to the 
observed results it can, fortunately, be said that there is considerable 
measure of agreement between those obtained by different investigators, 
working at different places and times and upon different metals. Sieverts 
, and Wippelmann published their results in 1915,® and worked on copper. 
They found that, at low current density, the crystallites were large ; 
but, as the current density was raised, the following alternations of 
grain-size occurred. Large grains were succeeded by small grains until 
a certain limit of current density was reached, the limit varying, in each 
case, with the other prevailing conditions of deposition. After the limit, 
in any case, was attained, the grains became larger again, while, at the 
highest current deiLsity they used, Sieverts and Wippelmann found the 
structure to be^so irregular and broken that it could not be interpreter'-. In 
the author’s recent (1922) publication on deposited iron * a similar alterna¬ 
tion is mentioned as occurring in deprfsits of that metal foriped at different 
current.densities, but under otherwise the same conditions. It may, there¬ 
fore, be said that it has been found that increasing current density gives, 
first, coarser structures and then fin^r. If,now, coarse structure is associated 
with slow deposition (as has been suggested above), then, as eur'snt density 
is increased up to a limit, so deposition should become slower, since structure^ 
'becomes coarser. At first appearance this seems unlikely; but consideratioi^^ 
of what happens in the cathode layer of solution alters thS pnimjc^Mie 
impression. Suppose one has two cells side by side in which copper, say, 

»■ is being deposited, and suppose all the"^ c6nditions are the same in the 
two, except that in one the current density is considerably higher than in 
the other, yet qot very great. Then the experimental results cited abdve^ 
shojF that the deposit in the former cell will consist of larger giains^tnan 
'"those composing the deposit formed in the latter. I^ the happenings in 
the cathode layers of solution be mentally visualized, one sees this layer 
• 

* Sodium and potassium. * Calcium, barium, and strontium. 

• Zat. f. Anorg. Chem., 1916, vol.stci. p. 1, and ibid., vof. xciiSl p. 2S7i 

‘ ‘ Op. eit., vide p. 128. ‘ “ 
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tecoming more quickly exhausted of its metal content in the cell in which 
he current density is higBer.*^ Deposition of copper will, therefore, 
lecome slower,l8ince, as the concentration becomes lower, the amounf 
f copper ions available for discharge and, consequently, the number of 
,toms of copper available for metal formation become, both of them, less. 
Ind this is so, although the current density remains constant. So long 
IS the current density do8s remain at a constant value, the liberation 
)f ions must, it is true, remmrfof equivalent constant value too, as we 
mow from Faraday’s law. Bft the ions discharged will not be, aU of 
;hem, copper, ions. The ioas .reed will be^ copper ions, plus a number 
k, say) of ions other than those of copjer-^hydrogen ions, for instance; 
ind X will increase as the*concentration and, consequently, the discharge 
)f copper ions diminishes.* In* the cell in which the current density is 
ess, the cathode layer of solution will, in this case too, become gradually 
sxhausted of its metal, but the ?xliaustion will, ceteris parihus, be much 
nore gradual and, thus, although the deposit will be coarse-grained, yet 
t will be less so than that formed^ the other cell. There are several 
mplicit assumptions underlying tjje foregoing argument; these will be 
Dointed out later. The object for the moment is to sljpw how it is that 
ligh current density may result in coarse-grained structure—structure of 
arger grain than those o! deposits formed at lower densities. This may 
low be stated, in few words, as being the result of the slower deposition, 
if copper at higher current densities, consequent upon the quicker exhaus- 
;ion of the copper in the cathode layers of^solution. 

(c) It follows from what has been said above that slow deposition 
wours when metal concentration is low. Workshop experience confirms 
;his. When, using the normal current density, a plater“finds that, as 
le says, “ the bath works slow,” the first thmg he does (and rightly does) 

8 to add more metal salts to it. 

(#) Deposition of metal will, also, be slower 'fft lower tenwperaiures than 
at higher. This results from the fact that the electrical conductivities 
of liquids (elactrolytes) increase as the temperature rises, in contra- 
distiIB3on to the cases of most metals, where conductivity dscreases 
with rising temperaturS. The electrical result of decreased conductivity 
is that, at constant potential difference, the quantity of electricity flowing 
through th^'sdlution diminishes. Now, the quantity of electjicity reach¬ 
ing the cathode per unit time depends «pon the number of ions that get 
' there, tfieir gharges, and their mobili^. Since the charges on the ioi^ 
wilfUbtlS'' affected at all afid^tlge ionic velocities very li^le ^ the tem¬ 
perature falls, the number of iyn^reaching the cathode must decrease and, 
hence, the availability of metal atoms will diminish. Consequently, 
deposition will be slower. Here, too, practical experience in the plating 
• shop confirmslaboratory results. It is not uncommon tc^find that, after 
a holiday period during the cold season of the year, plating baths ^ork 
Jpadly. The dep^its are formed very slowly on the goods, and if an 
■ attempt is made to increase the grate of worlmg by raising the current, 
evolution of gas occurs and the deposit is spoiled. As a consequence of 
depositkm'bswmiiSg slower as temperature falls, one might expect that, 

* Cf. K. Arndt and 0. Clemens, Ghent. Ztg., vol. xlvi n. #25. 
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as the temperature rises, deposition will become quicker, and, as a result, 
the structure of the deposit more fine-grained. And this certainly is the 
‘tesult vnthin limits. But rise .of temperature may, whefi it has become 
sufficiently great, introduce another factor—movemSht—which will 
partly or, in some cases, entirely, mask the effect of temperature in and 
by itself. The deposit will, in this case, appear more fine-grained than it , 
would do if the factor of deposition—^tempefeture—were alone in play. 
Again, temperature increases the condutfcivity of the solution as a whole 
and not merely its conductivity in regar# to its copper sulphate content.,. 
This, too, may cause the effect of tempeuture alone to be, masked; the 
structure of the deposit maj become coarser instead of finer.^ Thesffe 
matters will be considered later. It is sufficient to note here that the result 
of fall of temperature should be slow diposftion, and that this should 
result in coarser structure. M. von Schwarz has shov.-n that it does so.* 

(e) Excess of free add mil came slow deposition. In'some oases, as, 
for instance, in that of the nickel bath, excess of acid will prevent deposi¬ 
tion of metal entirely. An instance has been given in Chapter VI.® 
Another sometimes occurs during th,e estimation of copper by electro¬ 
analysis. If too much nitric acid is used, the copper deposit will, at some 
time before deposition is complete, be found to redissolve, notwithstanding 
the continuous passage of the current. To prevent this re-solution, 
.urea is often added to the electrolyte as prepared for analysis * ; but the 
real preventative is to take care not to employ too much acid to begin 
with. It cannot be said that the association of slow deposition with coarse 
structure has been proved, where slow deposition is due to the presence 
of excess of acid ; indeed, free acid has been shown to cause diminution 
of gram-size.®*" Further reference will be made to this matter later on. 

Ill) Quick Deposition 

Since one observes that slow deposition is associated with coarse 
structure, it is natural to suppose ffiat the converse will be true, and 
that the association of quick deposition with fine-grained structhie’will 
obtain. And, as a fact, it often does. Deposition wil' be rapid in the 
following cases ; (a) When the current density is high and, at the same 
time, the Qoncentration of metal in the cathode layer “i^&iaintained 
continuously great. The conditi«n as to continuous metal concentration^ 
'^nld be noted. (6) Deposition'way be rapid when the qpncent^ion^ 
m metal ft great, provided the current (Jensity is high enougn. xnere 
may not appear, prima facie, to be much (lifEerenoe between statements 
" (a) and (6). The difference is (and it is of great importance), that (a) 
teUs us when high current density will result in rapid (leposition, and lb) 
when great metal concentration will do so. (c) Deposition will be r^id» 

**A8 the author haa foutui it to do in the case of iron deposited at temperatures of 
the order 200” C. v « 

• liOernat. Ztii.f. Metallographie, 1916, voL»vii. p. 124. 

• Clupter VI., TabledII., 3rd eolnnm, sub-heading “ To detect copper.” 

* V. H. Veley, Phil. Tram., 1891, vol. clxxzii. p. 279; B. Qilohrist an^p^/J (gumming, 

Tntm. P.ar. Soe., 1913, voL ix. ^ 186. * i *' 

* E.f., by the author, vide T^am. Par. Soc., 1922, voL xvii. p. 442. 
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also when the temperatufe 4 high, provided it is higher than a maximum 
which varies frran case to case. The matter will be considered more fully, 
under the parasaphs dealing with the factors of deposition. 

A very impratant matter for remark in connection with quick deposi¬ 
tion is that ^■•he effect actually produced by each of the conditions of 
deposition which, if it acted alone, would effect rapid deposition and, 
consequently, small-graineS structure, is affected much more powerfully 
by the remaining factors of i^oaition than is the efiect of a condition 
•causing slow deposition. It haibeen seen that high current density may 
Ipad to coarse structures instead of fine. It will do so in “ still vat ” 
work—in work, that is to say, done in tlrf absence of mechanical agitation 
of the solution or movement of the electrodes and, in particular, of the 
cathode. If current density could operate alone, then the higher it was 
the more rapid the? deposition would be, and the smaller the grain-size 
of the resulting‘deposit. This fact can be noted in the structures of most 
“ still vat ” deposits, for the grain-size of the portions next the cathode 
surface and, therefore, of the portiofts»first deposited and deposited when 
the cathode layer of the ifolution .vas most concentrated, is always, in 
“still vat ” work, of smaller grain-size than the portions formed later when 
the cathode layers are partly deprived of metal content. In such a case the 
rapid deposition brings into play powerful factors which operate against it, 
and do so to such an extent that the normal effect of high current density 
is masked. One obtains coarse structure in place of fine. It is also true 
that, as has been shown above, the effect oj temperature may be masked. 

It is easy to understand how the constant rapid dcpo.sition of metal 
will result in a deposit composed of small grains, just as rapid precipitation 
V)f a salt results in crystals of small size. Their concentration being 
greater, in the case of rapid deposition, the discharged ions (or metal 
atoms) will have more chance of escaping the attentions of any substances 
in the solution likely to react with them, and thuV render thehi unavailable 
for the formation of solid metal; and, further, there will be fewer other 
molejgjles present per unit volume to form hindrances (as buffers, so to 
say) to tile tractation o^the available metal atoms. Consequently? it will 
be easier to form'muclei; and the more embryo crystaU are formed per 
unit volum^j t^tf smaller the structure will be. A diagram will help here. 


‘■A B 

. ro)iveseuts an availabk metal atom. 

0 represents one or other of the remaining compdhents. 

A an5 B represent projections ontfie plane of the paper of the cmiteiite 
of unit volumes of two solutions. They can r^resent equally well unit 
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areas of the solutions at or very close to tha cathode surfaces. In A the 
concentration of the available metal atoms is supposed ^eat; in B it is 
small. It is easy to see that, on the whole,the atomsfwill have much 
more chance to unite one with another in the solution of neater metal 
atom concentration than in the other. In doing so they w^ form nuclei, 
and will not take places in a crystalline aggregate already formed, and 
thus aid in its growth. No doubt some atoms—^those, for instance, that 
Me not sufficiently near together to afiecrt each other—will be drawn 
into already formed aggregates, and pro^iote the growth of these. Thls^ 
must, indeed, always happeu for, otherwise, the structure would not bp 
visible even with the aid of the'onicroscope ; one cannot see an embryo 
crystal. But, on the whole, more nuclei,will,be formed, and the growth 
of already formed aggregates will be less promoted, when the concentra¬ 
tion of available metal atoms is great. Observation justifies this con¬ 
clusion. 


Factors oi’ Deposition 

a r 


In the foregoing the effects of sk)w and ‘rapid deposition upon the 
stnicture of electso-deposited metal have been considered, and the causes 
of slow and rapid deposition stated. The caustjs are factors of deposition 
that determine the grain-size of the deposits. It will now ,be advisable 
. to consader them and their effects separately, for it is these factors that 
one can, to a great extent, and must, as far as possible, control, in order 
to secure a deposit possessing,the required structure. The consideration 
of them will, therefore, be attempted, and illustrations will be given or 
referrfed to, in order to make the argument more clear. 

The factors of deposition that affect the structures of deposits arej 
principally, and so far as the author’s experience goes : (1) Current 
density; (2) temperature ; (3) movement of electrolyte or electrodes ; 
and (4) the dbmpositiomof the solution. These, if not thp only^ones,® 
are certainly those that exercise most action. Each is worthy of considera- 
tion. * . 

1. Current density. The effect of increase in current density has been 
stated above. The conclusions derived by Bieverts*and Wippelmann 
from their experiments upon copj>er (carried out, be it*no|jLd, with the 
employment of a solution agitated by means of a mechanical stirrer) 
Me worth statement in full.® T^ey say : “ At the beginning of the eZeC* 
ffolysis th^re is always deposited a thin layer of finely crystalliiis laigtal,* 
which does not adhere to iron cathode*® Then V-shaped Crystallites 
grow out into the electrolyte in a direcliioit approximately perpendicular 
to the surface of the cathode. The magnitude of. these crystallites 
diminishes with increasing current density ; but if this exc,eed an amonnt 


* These words—“ on the whole ”—are inserted to make certain qualifisations that 
k may he necessary to the argument. One such is mentioned^n the text. 

• It has been stated by, for instance, W. O. Bancroft, that siifferenee of potential 
affects the structure of deposits. Electrochem. Jndtu., 1904, vol. ii. p. 390 ; Trant. Am. 
Electroehem. 8oe., 1904, voL vi. p. 27 j and Jour. Fhys. Chem., 1WI6, vol. ix. p. 277. 
See also Tmm. Am. Electroehem. Soc., 1913, vol. xxiii. p. 266. 

• Op. cit., Zusammenfaseung (1). • 

•* TnS italioa are due to the ^^sent author. 

* Cf. Chapter I., p. 6. The Vrlution used was the acid copper bath. 
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■ that depeEds in each cas^ upon the prevailing conditions of deposition, 
the crystallites again become larger; at the same time the texture 
(Qefuge) bec(»es more irregular. At high current density all regularfty 
ceases, the structure becomes “ unintelhgible ” (or, “ difficult to read 
German=»^»(ieu<Zicft), “ and cracks and holes exist in the deposit.” The 
present author, in his paper on iron,i says : “ Macroscopic and micro- 
icopic observations of tue deposits . . . seem, therefore, to warrant the 
iollowing conclusions : (a) A| the current density rises from 60 amp./ft.“ 
io does the size of grain uAtil—(6) a majdmum grain-size is -reached 
somewhere dn the'region of* 120 amp./ft.* (c) The size of grain then 
iiminishes to a minimum which lieysdhiewhere between 120 and 200 
imp./ft.* (d) It again becomes larger at the highest current densities 
employed.” It is interesting to compare the results of Sieverts and 
Wippelmann with those of the author. In doing so it must be remem¬ 
bered that, \?hile the former were obtained from experiments' on copper 
in which the temperature did not exceed 30° C. and agitation was used, 
the author’s conclusions were dcAued from work on iron, conducted in a 
‘ still vat ” and at a iifnch hig^^er (but uniform) temperature, namely, 
110° C. Yet, despite these difEerences of conditions, the two sets of 
results are comparably, as will be shown. The German authors agree 
with the writer upon this, namely, that as current density rises alterna¬ 
tions in grain-size occur. They agree, further, in this, naijiely, th^ 
increase in current density does cause increase in grain-size, though it 
may cause a decrease. But whereas th^ Germans say that they found a 
decrease to occur first, and then, after a certain maximum of current 
density was reached, an increase, the author found that, first, •Aere was 
an increase, then decrease, followed by another increase.* The difference, 
then, is as to the first increase found by the author to occur. This re¬ 
quires explanation, of course. But, first erf all, it must be mentioned 
that the results obtained by W. Blum and ids co-workftrs ® are in suffi¬ 
cient agreement with those of gieverts and Wippelmann. They say 
{nj^^cit., p. 165 ): “ 'With low current density, especially at higher 
temperatures, the eqpper possesses a relatively coarse structure, except 
at the sttrface»where tBe initial deposition is made^ By increasing the 
current (j^njity, 'partwalarly at lower tem^rature,^ the structure assuines 
a columnar appearance, the crystals being long and finger-like. With 
still further increase in current denstty the crystalline structure is much 
Isqpkeiyup*. . .” It is to be noted*that the American authors (likljEhe 
German) used agitation—by compressed air; “ agitation By mechanical 
means has not,” they say^ “•proved satisfactory ” for their baths. To 
return to the above-mentioned difierence, the author believes that thft 
is solely duo to the use of agitation, and that if agitation had not been 
Anployed, then the first decrease in grain-size would not have occurred. 
Ilf other "words, neither Sieverts and Wippelmann nor Blum fuid ^s 
* coEaborators wtae, in their experiments on the effect of current density, 
studying the effect of currewt density at all; they were noting the 

* ©p. eit., p. 16. , 

• Trans. Am. Electrochem. Soe,, 19W1. vol. xxx. p. 169. 

’ Again the author’s italics. 
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combined efieot of two factors, namely, current density and, agitation,' 
and, as will be shown below, agitatipn is such a powerful f^tor affecting 
thS structure of deposited metal that it often masks the efect produced 
by others. It has already been explained why, on increasing the current 
density, coarser structures may be expected to be obtained, as they are 
in fact obtained, in the absence of other factors powerful enwgh to dis¬ 
turb or mask the effect produced by current density alone. Tms is seen 
in the above-cited results obtained by thS author with iron. After a 
current density of about 120 amp./ft.* waL reached, the grain-size was > 
found to diminish. In the authior’s opinion, this decrease war due to the ^ 
movement, or considerable inciteasf of it, caused in the bath, at aoout 
120 amp./ft.'*, by local thermal changes and “ concentration currents ” 
of increased intensity, and also, probably, in sorile degree, by the increase 
in hydrogen evolution. If this is so, thep the decreasie in grain-size is 
not due to current density alone, but to current density cCmbined with 
the factor, agitation, just as occurred in the experiments of Sieverts and 
Wippelmann and of Blum and his co-wcrkers. Only two of the probable 
causes just mentioned will be dealt with here, and those briefly. It is 
well known to platers that their solutions become warm after being at 
work at full load for some time ; and the higherpthe current employed, 
the warmer they become. This is due to the combined effect of the 
clpctrical ^resistance of the solution—^the so-called “ Joule heating ”— 
and the Aeo< of reaction (chemical energy). The heating will cause the 
thermal convection currents to J)ecomc more vigorous ; and it will do 
so whether the bath be worked at high or low temperature. It is also 
well known that the higher the current density, the greater is the liability 
to hydrogen evolution ; and R. Kremann claims that the movement of 
the electrolyte caused by hydrogen evolution is responsible for diminution 
in grain-size.'^ The present author quite agrees that it may be a con¬ 
tributory cause “ but, at tic same time, he does not for one moment 
believe that the diminution in grain-si^e that occurs in baths containing 
some excess of free acid is due wholly to hydrogen evolutioif. Krenj^n 
worked with iron-plating baths. As regards the aqjd copper bath, it is 
true that when a b^th of the usual constitution Is used aeid the current 
density at which the bath is usually worked is employed, then very little 
hydrogen indeed is evolved. But when the bath is used as a “ still vat,” 
and higher current densities are eAployed, then certainly hydrogen is 
ev?|»'ed. And the explanation is simple. Tlje copper in the (^tho^je 
layer of the Electrolyte becomes quickly jised up and, therefore', if the 
current density remains constant, hydrogen ydll be liberated ; and this 
^11 occur the sooner the higher the current density is. Any diminutfon 
in grain-size occurring in the acid copper bath may thus alsp be due to* 
movement caused by agitation occasioned by the evolution of hy^ogeift 
Bqfh Sieverts and Wippelmann and the author found that after certifln 
current densities were reached (which depended upon the general pre¬ 
vailing conditions and might be different under ^fierent conditions), 
the grayi-size began to'increase again. The author is of pinion that this 
increase, qr, in his case, secqpd period of increase, is agaipTifte Y& the 
• Monata-f. Ckemie, 1917, vol. xzxviii. p. 367. 
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close connection that exists between the efiects of current density and 
movement. This will be further considered later in the section entitled 
“ Movement.’|‘ 

(2) Temf^aiure. The way in which increase of temperature may 
affect the s^e of the grains of a deposit has been considered, in some 
measure ana incidentally, above. It may help to cause a decrease in 
grain-size. But the autKor l^s found that temperature may cause an 
increase.^ Blum has also made a statement to the same effect,® The 
apparent inconsistency betwijen the effects caused by temperature is, 
without doubt, due to the fact that this variable brings into play factors 
which may entirely mask any effect itity Itself would produce. It is not 
easy to see how it could be otherwise, assuming that .structure is dependent 
upon concentration of available metal atoms. It is not easy to under¬ 
stand how a few degrees— eveij a hundred—can so affect the energy of 
the just discharged and available metal atoms as to have any effect upon 
their tractations or their arrangement in the space lattice of the crystal. 
The author believes that what hapjJens is the following sequence : Imagine 
deposition to be occurritig undet conditions that are resulting in the 
formation of large crystalline grains and that, now, ^he temperature is 
raised considerably by % definite amount. This rise of temperature will 
cause thermal convection currents which produce stirring of the electro¬ 
lyte. Temporarily, at any rate, more metal molecules, and so mare metah** 
ions, are, in consequence, brought into the cathode layer. This greater 
concentration of salt molecules and met»l ions results in a greater con¬ 
centration of available metal atoms. Hence, the opportunity for new 
centres of cry.staUization to be formed is greater, and tjje structure of 
the deposit is likely to be of smaller grain. The effect of temperature, 
acting through agitation, is here diminished grain-size. If the current 
density is not greater than is sufficient to accc,unt for all the metal atoms 
(including the increase due to the movomentmet up by ’the increase of 
temperature) brought to the cathode area, the grain-size will remain 
smajjpr ; but’ if it is njore than enough, the increase will occur, because, 
even in. the presence increased movement, caused by the rise* of tem¬ 
perature, the current density will tend to exhaust th« cathode layer of 
its met^jl qonjciht. 

3. Movement. The importance of movement or agitation*in deposition 
work has been mentioned in a form^ chapter.* There is no dispuj^ 
about i4 among practitioimrs. Whether the agitation be .effected Iby 


^ The work of Blum and his coII^Tiorators is not considered in much detail in this 
chapter, because, in the author’s fiew, although they purport to adduce experimental , 
evidence in favour of Professor Bancroft’s “ Axioms ” of electro-plating {vide references 
in Note 2, p. 134 above), they do not seem to him to bo conclusive, though he would not 
lisj to go so faf as A. 6. Rjtts, who says in the discussion of their upper (at p. 237) that 
they do npt “ seem able to prove very much for them.” Such a statement is not to be 
wonSered at,‘seeing that Blum and his co-workers appear in this paper to consMer it 
SufScient to observe the surface aspects of deposits, and that they are entitled to draw 
conclusions from such observations alone rega^ng the efiects of the factors of deposition 
upon structure. A moment’s reflection is sufficient to assure one that that is impossible. 

• Schwarz mentions low temperature as one of the conditions he found necessary for 
the formfcfibjpiPidioiSorphs of deposited cogiper, op. cit. 

• Op. eit. • * 

• Chapter IV., p. 39. 
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movement of the cathode rods, or by blowing ^ir into the solution, or by 
otiher means,^ the practical result# are the same, namely, (i) a higher 
current density can be used and, thus, quicker work done; Mi) a smoother 
deposit is usually obtained, lie causes of these results are well worth 
careful study ; they will now be discussed. ^ 

There is a certain maximum of current density that can be used in 
the cases of all plating solutions, used as “j,stiirvats.” This may be low, 
as in the case of the double nickel sulphate bath, or it may be consider¬ 
able, as in the case of the acid copper bathj In the case of any one metal* 
the maximum varies with the eomposition of the solution used : it varies,, 
too, with the concentration ol the metal salt, in the case of any one 
electrolyte. Thus, in the case of nickel again, 3 to 4 amp./ft.^ is the most 
that can be used with the double ^ulphatehatfi ; but 10 to 15 amp./ft.* 
can be employed where the solution is ijiade with tWe single salt,^ the 
current density varying with the concentration. Suppose, when the 
maximum current density has been attained in some definite case, agita¬ 
tion is commenced. It will be found 4)hat the current density can then be 
pushed still higher than the “ still vat i’ maxinftim, and that the deposit 
remains good, or may be even better. It will be found also that the 
increase of current density that can be used for certain degree of agita¬ 
tion is limited. If, now, the agitation be made more violent, the current 
■“density employable can be stiU further increased up to another and 
higher limit. This connection between the maximum current density 
employable and the degree of agitation is well known in practice. It has, 
too, been the subject of laboratory investigation. For instance, in 
eleotro-hnalysis, very high current density has been used, when a rotating 
cathode in the form of a spiral of platinum wire has been employed.® 
The author has frequently used over 300 amp./ft.® in determinations of 
copper by electrolysis. In.works practice, 100 amp./ft.®, and more, has 
been used when depositing copper upon rotating mandrils.^ The most 
informative investigation of the subject that has been published is that 
carried out by J. G. Zimmerman.® This author’^ conclu^ons aru.oon- 
cisely sitmmarized as follows (op. ci<., p. 246): “,The fineness ofgrain 
is dependent upon*the current density, other things beic^ equal, and the 
fineness increases with the current density until, at a «jrtain critical 
value, a powdery deposit will occur. Increase in the number of revolutions 
m minute increases the critical (Mrrent density, although, whether it is 
efectly proportional, I have not Been able tp determine.” aDijifing the 
discussion or Zimmerman’s paper there •coarred a controversy»as to the 
cause of the (apparently) polished state of the surfaces of the deposits he 
obtained at his critical current densities. Zimmerman maintain^ that it 
was due to a burnishing of the deposit by the moving electrolyte. Cowper 
• • 

• 'She relative merits of different methods of agitation aia discussed in ^ratuiMm. 
Eketrodtem. Soc., 1903, vol. iii; pp. 262 et »eq., by Prof. Bancroft, D^. Bering, and others. 

•C*.C!liBpterVI.,p.69. 

• mustrations of suel^ cathodes will be founif in any text-book on Electro-analysis. 
Yid»JL Classen’s Quantitative Analyaedurch Eketrolyee. The complete apparatus is shown 
in phoregtaphs in J. W. Mellor’s Treaiiae ot^Chemical Analyaia, 267.«4^ffin, 1913.) 

ATranf. j'ar. Soc., 1906, voL is p. 216. * 

• Tram. Am. Ekctrochem. Son, 1903, vol. iii. p. 246. 
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Colo uses the weird expreesioa “ skin friction.” But Carl Hering objected 
to this viewj He said (p. 251): “ Pthink the correct explanation is that 
with high current densities the molecular layer of liquid next to and in 
molecular contact with the cathode is exhausted of its metal before fresh 
liquid ca^ get there, hence hydrogen or other things will be set free, 
spoiling the deposit.” jC. J. Reed, supporting Hering, said: “ I do not 
believe that the friction of the liquid has anj^hing to do with it ” (i.e., 
the “ polished ” surface).* He attributed it to the increased rate of supply 
of ions to the cathode. Asja matter of fact, the so-called “polished” 
surfaces of such deposits are not polished at all in the mechanical sense. 
There is no Beilby film on the surface such as would be produced by 
mechanical polishing, 'yhetjier this is effected by water, electrolyte, or 
other means. Those who allege the existence of a skin or film upon 
the surfaces, of such depositswis are being considered adduce no evidence 
in support of their allegation. On the other hand, the author has shown *■ 
that the surface is almost certainly the result of the smallne.ss of grain 
which characterizes the structui^ of deposits formed at high cntical 
current densities. Th? conclusions expressed in the paper referred to 
(in Note 1 below) are: “ (1) That the ‘ polisheSl ’ appearance often 
observed on the surfaces of deposits formed upon rotating cathodes is 
due to the smallness of the grains of which the deposits consist; (2) 
that the smallness of grain is the result of the constancy of metal con¬ 
centration at the cathode surface; and (3) that, since mechanical move¬ 
ment can maintain constant the metal concentration, rotation of the 
cathode, which is a mode of mechanical movement, operates in that way 
in the cases of deposits formed upon rotating cathodes, and not by way 
of burnishing or the like, as suggested by some other authors ” (op. 
cit., p. 609). Incidentally, the author suggests the following as an inter¬ 
esting piece of research : (a) Prepare a number of deposits of (say) copper 
formed 8^ various critical current densities, but under otherwise similar 
conditions ^ (6) plot current densities against degree of agitation—peri- 
pWjal speed of a cylindrical cathode, for instance; and (c) prepare 
micrographs of poliahe^ and etched cross-sections of the deposits. 

It is appafent that concentration of available mstal atoms must here 
again b% t£5 prime factor immediately responsible for the structure of 
deposits. Current density acts in supplying them by diseharge of metal 
ions, and agitation acts in bringingi*the metal ions to the surface of ,the 
catlmde, "hud thus preventing exhaustion of the cathod^ layer by»the 
high eftnent densities. Cilrrlnt density and agitation are contributory 
factors; but concentration df available metal atoms is the determining 
condition. The importance of movement (whether rotation or by other 
• means) is obvious; the author has shown that even simple to and fro 
Vovement of the cathode rod is sufficient to cauSe great structural 
ffifferences.^ The Aructure resulting from the employment of mofentent 
is always more fine-grained than is that of deposits formed in “still 
vats,” but under otherwise Similar conditions. .The structure is very 

* dhem.. 1921, vot xxv.«. 496. Dr. M. von Schwarz’ discussion of this 

paper is of into'lest. Vide IfetoZiiaiiKis, 192i, vot xiv. p. 134. ’ ”, 

* The SUdto-deposilion of Iron, p. 16, Series Stationery Office). 
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often fibrous, but not always so. The following examjiie is instructive. 
Fig, 26 shows the polished and etched surface of a cross-section of a 
copper deposit formed on a brass -rod su^nded vertically ia the bath. 
The current density was high, and the rod was moved to and fro -during 
deposition. The structure is obviously fine-grained, but it is gyot wholly 
filwous, as is the structure of an iron deposit-shown in a former chapter.^ 
The copper deposit has a fine-grained, but Jirokin, structure ; much of 
it is fibrous. The author believes this structureus the result of the current 
density being too high for the dcjgree of agitation (or better said, perhaps, 
movement) employed, or, in other wor.ds, the currant density exceeded 
the critical value determined by tte conditions of deposition that pre¬ 
vailed. Most probably, if the solution had been more concentrated, as 
regards copper sulphate, the structure would have been wholly fibrous. 
The type of structure here shown is chaijacteristic of‘many deposits, 
and it is a difficult type to interpret, if the connection between current 
density and movement (here being considered) is not known. 

It is important to notice again here<that high current density must be 
aided by movement, if the grain-size of a deposit is to remain small 
during any considerable period of deposition. Otherwise from being small 
near -^e surface of the cathode it will become larga.^ Movement has so 
powerful an effect that it may altogether mask that which should be 
psoduced by one factor (current density, say) in and by itself. As has 
been seen, even slight to and fro movement is sufficient to mask the 
effect of high current density. r 

4. Composition of the solution. It has been noticed how the composi¬ 
tion of tile solution, as regards the concentration of the metal salt con¬ 
tained in it, may affect the structure of a depo.sit. This is seen in deposits 
of other metals, as well as in those of copper. Other components of the 
solution have important effects upon structure. These will be briefly 
considered under the headmes: (i) Complex salts; (ii) acid; and 

(hi) colloids. , 

(i) Complex salts. When copper cyanide and potassium 6yanid^re 
dissolved tbgether in water, a substance that has for its formula KgCu((S )4 
is formed and can, if proper precautions are taken, be separated out in 
the solid state as a white powdery compound. Sii^arly, sflyer cyanide 
and potassium scyanide yield KAglCN)^ : this is the salt that forms the 
essential component of most silver-plating solutions. When such com- 
poujtds are dgsolved in water, they split up, ^for the most pai^ into 
potassium cations and anions which contsinpthe important metal—^the 
copper or silver. Here is also a very small sumber of copper or silver 
cations pr^ent, but not sufficient of them to answer the usdal analytical 
tests for those metals. Such anions are called complex ions, aijd the salts 
that'give rise to them complex salts. Such complex salts are ^y no* 
means •always cyanides. There exist comply oxaSates, e.g. iron aifl- 
momum oxalate,, (NH 4 ) 3 Fe(C 204 ) 8 , and complex chlorides, such as the 

* Chajterll., Fig. 3, * 

* CL III., Fig. 8. This deposit (of jron) was formed in t. “ sUika^S ’i and 

at hi^cundht density. Compare Kg. 28, which shows a similar structate ih a copper 
deposit, fonhed in a “ still vat,” icc,, hut at low current density. 
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is a layer, of jea<^ <+i*]iosite4( liet\ve(*n the copjiiM’, 
/>, aTi<l tlj^hrasN, r.m 





Fig. 20.—A eopper dejMisit showing lavge-graineil structure. x50. 
{Cf. Ki*j. 8 , Chap, ni.) 
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• platili 0 Hrfiloliide of ipotaiwntn, K»PtiC!l«; but the most important to the. 
derfa»-^ate^ are the cyAnides. The complex salts, yielding complex 
aiuona, are so called in order to distinguish them from dmible salts, subh 
as the alums, e.g. potash dum, KjjSO,, Al 2 (S 04 ) 3 , 24H30, which do not 
yield complex anions, but the metal cations K+ and Al* and the 
WeU-knowmsulphanion SO^". Such, at any rate, was the old classifica¬ 
tion : later Work has proved that the distinction between the two classes 
is one rather of degree thap <S kind.^ The mechanism of the elec^lysis 
, of solutions formed from complex salts has already been briefly considered 
in the last.chaptef; jihe matter of note here is that deposits from such 
' solutions are found to be, so far as t^ey* nave been studied, always of a 
fine-grained and, usually, fibrous structure. The author does not pretend 
to know why that is so.* Mic view taken by Professor Bancroft ® and 
some others is that the formation of*a “ fine-grained deposit is favoured 
by high current density and potential difierence ” (between the cathode 
and the adjacent solution). We know, as regards current deMity, that, 
if this is high and there is no agitation employed, the grain-size is large 
and not small; as regards cathode potential, the fact that this has been 
found to be high in cases where the grain-size of the deposit is small does 
not explain the mechanism whereby high potential produces small-grained 
structure. Quite another view is indicated in the following remarks. 
As has been pointed out,^ Pfanhauser regards the ordinary i;iokel am* 
monium sulphate solution as containing a complex salt and not a double 
salt, and explains the electrode reactions on that basis. Certainly, deposits 
from it have a macroscopic aspect similar to deposits of copper or silver 
formed in cyanide solutions, and there are those who venture to way that 
the micro-structure is similar too, though, so far as the author is aware, 
there is no sufficient evidence of the assertion. At the same time, if the 
structure of the deposit shown in Fig. 27 ‘ be studied for a moment, it 
is olMr that the nickel has a very flue and fibrous structure. This deposit 
was form«*d in a concentrated solution containing magnesium and nickel 
sulphates,® together with some boric acid, but it was formed under 
“ stiM vat ” conditiofls and at a comparatively high current density- 
conditions whijh, in thw case of the acid copper bath and most sulphate 
of zinc baths, would yield coarse-grained deposits, crystalline in maoro- 
spopic aspect. This connection between fibrous (or ^mall-grained) 
, structure and complex salts is curious and interesting. 

(ii) The effect produced by free acJfl in the solution upon the 

structii^ of deposits of mqp ^d zinc has been illiwtr^d already.® 
The change in macroscopic jispeot caused by adding -quite small amounts 


* Viit T. S. MoCte, in B. A. Lehfeldt’a Bhctro-chenUlry, p. 133. (I/ingmana.) 

• * fnmt. An. Eketrochem. Six., 1913, vol. xxiii. p. 266. The Mowing papers should 
M oonsa^ on this point: H. Stager,sfiTels. Ckin. Acta, 1920, voE iii. p. 584; V. Kohl- 
sohttter and H. Soh6dl,wiWd., 1922, vol v. > 490 j and P. Porster’s BUhrolyst wcj>s. 
ZAiui^n, 1822, pp. 384-397. 

* which shows, *t high* magnification, the straoture of a deposit formed 

in the same bath. ■ . , , . .a, , ,, 

hksnoh a sohditen it is highly probable one has a complex ma^esinm-mokel salt 
and complex anims soatainiAg niolEBl • „ „ , * .. 

T* Fidsligs. 12, ti, If^a^aOrOiile. Alsoeee Trans. Far. Soe., 1922, voL iwi. p. 442, 




of diWe iusid (HC^) to a small'lwtbt of Jenn^ caMem;^lldrideF sofation 
k so rapid that'it may, indwd, 1^ referred to as sadd^L thoush thk 
t(jtm would not be applicable in, the cases of solutions of 100 ^us. and 
more in bulk, where the effect produced by any addition k always sho'wn 
gradually. While there k no doubt about the cases of iron and zinc 
just mentioned (the micrographs are conclusive), it k imt easy to 
find in the literature of electro-deposition aziy direct statement as 
to whether acid causes any diminution* p grain-ske in the case 
of copper.^ The statements made usually refer to |ietterment of the 
deposit without any indicatioi} being given as to^what the,betterment 
consists in. Does it consist iff dipiinution of gram-size ? Blum say* : 
“ From the point of -view of the plater we may usually define a ‘ good 
deposit ’ as one which is fine-grained, since fineness of grain k in general 
accompanied by a high lustre, relalSve freedom from porosity, and com¬ 
parative hardness.” * The author is in Somplete agreement ■with thk 
statement—with its qualifying adverbs. Further 'Professor Bancroft 
states that bad deposits are due to {initr alia) excessively large crystals ; 
and Mathers, speaking of lead deposits, s^ys : “ increase in free formic 
acid to 2 per cent, gave a still better cathode, while with larger amounts 
of free acid the deposits seemed to become moiy crystalline and more 
rough.” * Therefore, if one accepts as the criterion of a good deposit 
one that js fine-grained (and this k seen to be true in the cases of iron, 
zinc, and lead, at least), it is not unfair to assume that the betterment 
found to occur, in workshop experience, in copper deposits as the amount 
of sulphuric acid in the bath k increased is due to successive diminution 
of gram^size, and that the effect of acid is, in the case of copper also, to 
cause such diminution. 

(iii) Colloids. It has already been noticed that the presence of a 
colloid in the solution k often of advantage (as in the case of zinc), and 
sometimes necessary (as in the cas4 of lead). There k considerable 
evidence that the betterment in the deposit is, in thk case too, fine to the 
fact that, where colloid is present, the grain-size is cut dowiu and especi¬ 
ally and more markedly is thk so, if free acid k al5o present in the'solu- 
tion. The effect of the presence of colloids k stated as,a general pro¬ 
position by Hi J. Sand in hk recent paper on “ The Bole of Colloids 
m Electrolytic Metal Deposition,” * which contains a dikHiion and 
discussion of much (but not all) of^the work that has been done on the 
su)jject. Sand says (p. 34T): “ PrtJbably in ^1 cases the deppsit is ren¬ 
dered more fine-grained,” and he adds^-^tljoffgh this k less cgrt&in,— 
“ . . . and more brittle.” The matter wiff npt be pursued furthra; here; 
but a very mt«;esting example of the effect produced by gelatine (or 
glue) in zinc deposition may well be given. G. D. Scholl says: ® “ When-, 
ever glue was omitted from the celk lor a tune, the deposit wbuld become 
fu]) oi holes. Thk k undoubtedly due to the actioi) of impurities which 

> ITidsae the itatemeats of Sieverts and Wippelmann be ooniidsed u snob (ef. ci(.). 

* TrvM. Am. Xkctrochem. 8oc., 1914; voL zzzui. P..215. 

1W4, vioL xxri.*!?. 127. 

* Setff’Aa fimrth Stport on OoOoid Chanittry, 1922, p. 346. StstioDery PfB(«.) 

* ffiem. imi Xet. Eng., 1922, jol. zxvL p. 601. Tbe antbor ia ipg. to be taken aa 

■Bdoniiig view as to tbe o^nse of tbe mttennent be observed. 


29.—As Fi);. 28, but sliowinj; the 
cvystal 118 its opj osite side, x 12. 
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^ A ciystralliiiK ;;iain (i^ilepositpil (•(ippci. The iiliot.i)i;ni|ili kIuiw^ 
,tlie iiiteriml stiin-line of the "rain. It also .-hows (oppoMte the arrow) 
^iiiieiiioved |iortioiis of lhe«‘ lleilhy layer" loriiied on (he surface of the 
speeiiiieii diiyiip |ioli.shiii<;. 1( is iiiteiestiiiy to note (he sli|i-lines. x fiiK). 







MEtAL . U8 

9 


a{pe at retarded in action by the glue. . . . The 

addition of glua aitet its totaj absence far some time causes a marked and 
almost insist °bh{mge in the deposit/bf zinc. In one case the entire* 
cell room was in trouble; the sheets were peppered with holes, and in 
k some cases were actually on the verge of breaking away from the cathodes. 
Glue was addpd, and within twenty minutes a chapge had come over the 
'Wtire cell room* Re-solutipn'had beenarrested, apd in the great majority 
of cases the sheets had actually < healed ’ and pjjreing had been resumed.” 
•The effects o( th^presence of e^plex salts, acid^nd colloids, sespectiyely, 
*ih a plating solutioij app^r to be each of them the same, namely, 
diminution of grain-liz* ' f ' , 

The argument advanced in the foregoing^ is that concentration of 
available metal atoms is tl^ al^-important factor in the formation of the 
'structure of a deposit. It is hoped thai ilt has been made clear that this 
proposition is true fh, at least, a^rge number of oases ; critics of some of 
the author’s work appear to believe that this view is more generally held 
than he was or is aware.^ If it is universally true, then the effects of 
complex salts and of the other types'of subsmnces just mentioned must 
so act Ss to bring about cfhick deposition, and, consequently, the forma¬ 
tion of large numbers of nuclei or embryos, and hin^r crystal growth. 
The performance of mu(A more experimental work is necessary before it 
can be said^rhether or not that is so ; the results of that work will form 
a crucial test as to the extent to which the hypothesis outlined holds. 
It does not matter what the outcome of that test is, so long as the truth 
is known. 


* See, c.g., Engineering, 1922, vol. cix. p. 303 
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ON READING 
\ 

A QUESTION that ]'as bccsn put to the qjUthor on many occasions 
rans—What shall I road ? « • 

The first reply that may fee‘given to this inquiry is of a negative 
nature, namely : Do not road, in the firit ithlance, anything that is more 
than ten years old, except (1) in order to become acquainted with the 
history of a matter, or {?'where a rpsoarch is to be followed or engaged 
upon, in order to find out what others have done in regard to the research 
contemplated. It is most essential that every ?lne engaged in work on the 
electro-deposition of metals should keep himself u|) to date. The practical 
man—^the man in the shop—is, just as is the Research worker, likely to 
waste time and effort, from ignorance of contemporary knoVledge, if he 
consults old and out-of-date books and other sources of information. The 
author has himself found it to be, in most cases, of most use and benefit 
to work backwards, .so to .sajt He consults the latest literature in the 
first ifistance, and then follows up the references given in that. Another 
piece of advice (given to him by one who knew) that the author has 
followed with advantage is this : If one wants to obtain information 
upon some subject of clectro-depositioi!, it is sheer w'aste of time to con¬ 
sult text-books on chemistry or physics in regard to it. Very few of these 
books give any useful information upon the subject, and many of them 
make statements that are 1 armful Ifecause they are wror^r J'he types 
of book that should be consulted are (1) those which, are concerned with 
physic^ chemistry, puic or ajqdied, and (2) tiichnical works on the 
electrolysis of aqueous solutions. ' ^ 

The periodicals and text-uooks which the author retommends are 
as follows: * 

♦ 

1. PEftlOlUCAL;#,’ 

(a) Ekousii (ok Ajjbrican) 

1. The, Metal la >usfry. (New York odkion, 9U .John Street, Nevi a oi k; aiid London 
edition, Bedford Street, Htia-id, ixindcn.) 

2. The Brass WorUi (153 Waveiiey Place, New York.) 

The three foregoing journals arc o! great interest and use to tin? pi,gtiual 
• • man, and the research worker will often find them Wful. ^ 

3. The Electrician. (8 Bouverie Street, London.) Tliis journal has done more than 
any other English paper in the publicatinn of matters relating to the electro¬ 
deposition of raetafc. , 

4. ChMnical and Metallurgical Engineering^ (McGraw, Hill SS Co., Tcnth«Avcnue, 
•at Street, New York ;»and 8 Bouverie Street, London.)-♦ 

1,4 
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(6) Feench 

he Qltiie. Civil. (6 Eue de la Chausadc-d’A^iin, Paris.) 

. (c) German 

^1. Zeit. far Elehlfochemie. (W. fenapp, Hallo, Germaiy) 

2. Zeit. f Hr MetaUkunde. (VoWag dcs Vereinos deutsolw Ingenieure, Sommcrstrasse 
4a, Boriyi.) \ j ^ • . * 

' J. •Eleklrochemische Zeilsckrifl. ^'tlrandeiiburgische-Buclidruckerei, Mtihlonstrasse 9, 
Biii'lin-Sclioueberg.JGtcrmany.) • 

i. Stahl and Eisen. (Verjig Statiloisen, DUsaeld< .1, Gfll'm^y.) 

5. Melall. uml Erz. (W. Knapp, Halle, Gerifcanj'-) * 

Nos. 1 and 2 arc Eltnast indispensable to p man engaged upon rcseareb. 
It is advisable to look Ihroi gU 3, 4, and 5 from time to time. Tliis can bo 
done atfa librajy. » 

'll. TEXT-BOOKS 
(a) Enuush 

1. Elert^-chemMry, by R. A# Lelifcld... (Longmans, London.) 

This is the only text-book on the principles of electro-chemistry (apart 
from their appUcatiiji) published in this country, ft is well and clearly 
written. It is essentially a book for the more advanced student: the man 
in the'a'orkshop will not understand most of it. The present edition is dated 
1904, but tlmt need not prevent a student possessing it, always pr#vidcd be 
remembers its date and looks up the later literature. 

2. The Principles of Applied EUctro-chemislry, by A. J. Allmand. (Arnold, London.) 

This is the only text-book on its su’ ject published in this country that 
the author considers to be really valuable. It is comprehensive, apd it is 
reliable, except here and there, on matteis of practice. ^ 

3. Practical Electro-chemistry, by the late Bertram Blount. (Constable, London, 

1906.) , 

This book treats of the practical side of electro-metallurgical processes, 
including electro-refining and electro-plating. It is, however, out of date, 
and should be consulted in a libra^. 4 

4. EledrvKfki^ting and Refining, by W.,Borchers„ Translated by W. G. M'Millan. 

(Griffin, London, 1904.) _ ^ 

This book, too, ^ out of date, and should be consulted at t library. 
Pypfessoiii4^rchcrsiuac recently informed the a<(thor that a new ^-rman) 
edition is being prepared. The itew edition will be mprth its price to all 
electro.-myftllurgists: it ijto be hoped Ahat an English translation will be 
published—aJ.ranslation ^ a practical man. ^ 

8. El.ectro-plaling and Eketro-reming, by .^lexander Viatt, and edited by Arnold 
Philipr'^^osfSy, Lockwqa(i& Co., Loiadon.) • • 

6. A Trtxli^e on Electro-metalhiljy, by W. G. M'Millan, and edited by W. R. Coopsr. 

(Grilfii'i, London, 1919.) ••*■'7 

The two last mentioned are the best books on the practical side of the 
cleetrrraBSJBkiition of metals publishet^n this country and,perhaps, in the 
English language. Both were written practical men, and both have been 
• well editdd; but both arc out oLcfclte. Wnen new editions appear, they will 
^borgood investments ; till then they should be consultc(f"at a library. 

7. The Principles of Elecl’^-deposition — A Laboratory Quids, by S. Field. (Longinana 

' 1911.) 

This book is of much use a student in the laboratory—especially to 
one working at a technical school.- It is not very resent, but that dor-s not 
scwmuch matte-' in this case. The book is rather a classroom than a wor<Jshop 
friend, ami a good teacher would %upply the*additions and cotr.'jj'tjdns ti^at 
time has made necessary. 
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8. The Electro-deposition of Metals, by G. Langbein, and translated by T. ferannt. 
8th lidition. 1920. (Published in this country by the Orford Technical 
Pubhoations.) <- 

This book has been reviewed for the Journal of'the Institute of Metals, 
(vide Jour. Inst. Metals, 1920, No. 2, vol. xxiv. p. 613.) 

( 5 ) PoEEiQN Books 

,Among the foreign tert-Kspks that are of valjie to those engaged in metal deposi¬ 
tion, those nlentioued in the i. ',tes to the text of (this book must' e included. Most 
of them are 0 Ub of date, just as''nost of the finglisl! books are, and, IL-e these, thoji 
must be used with caution., A n. table exception in this reepeet is : 

EleUroehemie >vUsser^iier''Losuh^en, l}y F. Forster, ('^arth, Leipzig. 1922.) <■ 

No research man can afford to be without this Pook. It can be purchased 
for the extraordinarily l^w price of 143. “ It wdhld be a very desirable thing 
if somebody were to translate fthis book, btfjauso it is quite in a class by itself ” 
(Prof. W. 11. Bancroft, writuig^n the -knir. Phys. Chfm., 1,)22, vol. xxvi. 
]). 494). The author agrees that a trsasla«.'on is greatly needed, bUC'the 
translation would l)c beat done by a number of men, each a master of the 
subject-matter of the particular section or sections of the bot>k ho undertook 
to translate. ' t * 

III. original'PAPEE rf 

A considerable number of refon^ncos to papers comprising the results of research 
have bcc!i cited in the notes to tUc^ text. ^J’iiis has bc'cn doncj of set pu;^ 08 c. One of 
the most valuable featurc^s of any book on a technical subject is, in the author’s 
opinion, the direction of the reader’s attention to the sources where he can obtain 
first-hand information. Professor Walk<‘r has well said it is of the utmost 

importance that even beginners in-physical chemistry should become acquainted 
at first-hand with original work. . . The pajKirs cited do not, of course, cover 
the whittle of the literature, but it is believed they comprise the most important 
ones, and that they will set the worker well on his way. 
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A UUUKmJNU to Hcfintific Papers No. Bureau of Standards, 
Washkigton, the effect m the deijlsity of an electrolyte of 1 gram 
perjjtre of ®uS 04 ^H 20 is^r&ftically identical with that produced by 
1 gram per litrS of H 2 SO 4 . Therefore, if the density of a solution contain¬ 
ing these two substances is known, the amount of the ^wo in grams per 
litre is also known. And, if the aitiount of aither is determined, that of 
the othfer may be found hy difle^ence. In Table VIII. the efiect of the 
substances is given. 

• 

DensiT'.—Composition RsiiATiONs in Copper Sulphate Electrolytes 


26“ C. 

40” C. * 

Density. 

Unns./lit. 

Denaity. 

fJi-ins./lit. 

CuS0i.5H2O+Jl2SQ 

101 

102 

103 

104 

100 ^ 

107 

110 , 

Ml 

M2 

1«K 

Mf 

IK 

M6 

118 

119 • 

k20 

1-21 

1-22 

1-23 

il 

62 

68 

84 

100 

11-7 
a l‘>» 

•160 

166 

J83 

200 

• 217 ■ 

234 = 20-6^y wt# 

251 = 21-8 •T.'i 

268=231 • ,7 

»286=24-5 

303 = 25-7 

321=27-0 

339=28-3 

357 • 

376 

393 

1-01 

1-02 

1-03 

1JI4 

W»6 

1-06 

1-07 

1-08^ 

1-09 

1-10 

Ml 

1-12* 

1 11 - 

' 1-14 

1-15 

1-16 

1-17 

.1-18 

1-19 

1-20 

1-21 

1-22 

1-23 

1 

26 

43 

60 

76 

93 

no 

127 

144^ 

■ 161 

178 

195 

212 

229 

247 

<'265 

282 

300 

318 
> 336 

354 

372 

390 ' 

408 


if. B.*—The above ia taken from ^i.e Engineering and Mining Jmnat{^ew 
York), Juno 16, Ufn. * ~ 
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TABiE IX 
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TABLE X 

CtoUTAEATlVll^ABI,® O® SPBOmO GRATmfES AND HSDBOMBTBB JUBQSEES— 

'• Beatjm4 and Saddle ' 
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TABLE X —cotUinufid 


Spec. Grav. 
at 69° F. 

*' Deg. B(? 

V 

_« 

Deg. Tw. 

Spec. Grav. 
at 69° F. 

Deg. Bd. 

f 

Deg. Tw. 

, 1490 

47-4 , 1 

L 98 

^680'' 

6'5-4' 

136 

1496 

47-8 

V, 99 


68 y 

137 

1500 ^ 

48-1 


1690 

68-9 ' 

138 ' 

1505 

48-4 V 

KiH 


t>“'2 

139 

1610 

48-7, ' 

'.02 |. 


59-6 ‘ 

^ 140 

1515 

490 


r irSf 

59-7 

141' 

1520 

49-4 

\ 104 . 

r TK J 


142 

1525 

49-7 

lor 

1715' 


143 

1630 

600 

106- ■ 

P72p 


144 

1535 

60-3 


Alii, 

60-6 , 

141" 

1540 

it_W'6 

108 



146 

1545 

SO-9 

^ 109 

1735 

611 

147 

1550 

61-2 

no 

1740 

61-4 

148 

1555 

61-6 

111 

1745 , 

61-6 

i49 

1560 

51-8 

112 

1750 ' 

61-8 

150 

1565 

51M 

113 

1755 

621 

161 

1570 

52-4 

114 

1760 < 

62-3 

152 

1575 

52-7 

116 

1765 

62-6 • 

163 

1580 

530 

116 

1770 

62-8 

164 

1595 

53-3 

117 

1776 


156 

1590 

53-6 

118 

1780 

63-2 

156 

1695 

53-9 

119 

1785 

63-5 

157 

1600 

541 

120 

1790 

63-7 

158 

1S05 

54-4 

121 

1795 

64 0 

159 

1610 ■ 

64-7 

122 


642 

160 

1616 

550 

123 

1805 

64-4 

161 

1620 

55-2 

124 


(fi-6 

162 

1625 

65-5 

^ 125 

^ 1815 

648 

163 

16;«) 

.56-8 

1 126 

. ' 1820 

, 650 

164 

1635 


t 127 

1825 

65-2 

’ .. J'"' 

1640 

56-3 

V28 , 

' 1830 

65-5 

k*^66 

1645 

56-6 


183C 1, 

, 65-7 

1*7 


56-9 << 



K 65'9 

168 

1655 « 

671 

131 . 

, 1845 * 

• Oe-h' 

fP6t» 


m‘i 

L92 

1850 

. 66-3. 


1665 

67-7 

fSa * 

, 1850 

66-5 • 

- 171 



134 

18^ 

6eri 

172 

1675 

58-2 

135 »• 

k • 





CONVEBSION 


1. Beaume a(d Spec. Orav. 

( M 


= SJfe<£ Grav. 


Tt.is formula applies to liquids having a spec. grav. greater than that of water. 


2. Ttvaddh and Spec. Orav. ^ 

% Spec, grav. —IOCS) „ 

K — 


Twaddle. 
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TABLE XI 


SPEWi- -EAVITY OfcSULPIIUBIC ACII) 
































Oil A Us?rOA Sui^HUMO A^D "ftCIDS IN THE^LATIN* ^TOF.-r^ne 

of the uses for ^phuric<ind nitijl!! acids in }|J«yilijting shop is as “ dips ” for cleaning 
articles (&peoially those of htiv'..s and co|)p>ir]befor<! plating them^ They arc used 
• as a mixture for tlfis purpose #nd the mixture of afeids is kno\min the trade as 
“akoy’^sn'rfe CHHp. IV., 'i'^e 1, p. 43)^ The nitric ^id (which is often called 
"*■ nitric ” ?cid in the trade) isfce act^c component: the function of the sulphjjric 
acid is to act as a diluent. A gokl 8ip is made by pouring slowly, #id stirring the 

.^.1. i.-Xr. - /_iA__X_1 A_ __ <i _ii _x i»\ 


wltfe, 147 pa*ts by weight of sijJpVwic acid (often referred to as 
oft^iSi»«>*p^-.iil20° Twaddle, inW,33 n&rts by weight of nitr 
Havity 74' 

oqpl before being used. 


oil of vitriol ”) 

Twaddle, int(?33 mrts by weight of nitr.« acid of specific* 
TWadme. The mixture^urf h* jj|(oroughly stirrci^and allowed to' 
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TABLE XIII 


Peb\C^nt. Composition op Pi^tino Sal- 


, Metal Salt. • 

(* f • 

ForAiula. / }£et|,l per cent. 

_ y / 

Chevreul’s salt * « A • 

Copper carbonate (basic) 
Copper snlphate , . ' . 

Copper cyanide (cuprous) i 
Copper potass, cyanide 

Copper trisalt .... 

T 

‘ (luaSGsIkiSO.,211,0 t . ^ 

V;uC0,Cu(OH), \. 

CuSo. 6H2O f ' 

Qi2{0N)2 , . 

I^tX’JON), 1 

Cu2(0N)2.4K(^N.i<2S()3 ‘ 

- 

■^•48 / 

• 25-46. 

, 70-97 

'224 > 

V21-2 W 

< 

Zinc carbonate^TOr ic) 

Zinc carbonate . • 

Zinc sulpliate . . . 

Zinc cyanide .... 
Zinc trisalt . ^ . 

Zinc chloride .... 

Zn003.Zn(0H)2 

ZnCOj^ , ‘ 

ZnS04.7H,0 

Zn(CN)2 V 

Zn(CN)2.2KCN.K.2S03 

ZntXg .i 

29-05 
■»*' .52-15 

22-74 

.55-6!r 

15-5 

47-96 

Nickel carbonate 

Nickel (jarbonatc (basic) . 
Nickel sulphate 

Nickel sulphate 

Nickel ammon. sulphate 

Nickel chloride 

. e 

NiCO^ 

NiC03.4Ni0..5H„() 

NiS04.f.H20 ■ 

NiS0.7H..() 

Nii-i04.(NIl,,)„S0j.(ill.,0 
NiCl2.01l2O “ 

49-44 

57-87 

22.32 

21-24 

14-85 

24-09 

Ferric chloride ^ . . . 
Ferrous chloride . .»*,„• 
Ferrous sulphate 

Ferrous ammon. suljihatc J 

le.OIc, 

rcOL.4H,«i, , 

I<'eS04.7ll,0 

Fe>S;),,(Njl4).,S()4.()Il20 

28 

22-8 

14-62 

Stannous chloride . . /*> 

^nCI^.2H20 

^2-t«r 

Lead a^tate . • ^ • 
Lead p^hlorate . 7^ . 
lead carboffate 

Pb(0„H30,)...3H,fo X* • 
PW’IO., J“ • e 

2Pb(*OJ'Pb{0ltl, 

> X * 

54-61 “ , 

-45-Oi , 

26-74 *■ 

ft 

• • 


IJ'OTE 


^11 the b asic carbonates arc 

those of the mvalent metals, e.g., _, 

M stands for metal, and x and y for varyin/ miiSbers. Those, 
.‘■jsentages given iijrTable XIII. are thfjjcAttacJiing to the salts m> 


! variable in ^fl^position. A general frrnfcla for 
g., copper, zilc, nickel, is »M(0H)2.j/MC03, where < 


plating shops 
less generally, 


"3^ 


'd€ Chap. X., p. Not^Ti). 
thet-cyanides of the metal?-|bi 


Not^'p. A similar remark ^plies, 
* ispecially copper cyanide. 


, [U p-and.j<{r- 
it usually found in 
thoug& 
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TABLE XIV 


'•SciE Chemjcal w«i> ELbctro-Cuemioai, Vau'es 


-tr 


• «s 




Tlncknosa do- 
j>ositcd per 
hour by 1 
ainp./dcm.^ 

• » 

Metai^^ » 

• «> 

• V, 

t 

a 

^t. Wt. 

Equiv. 

W’t. 

Electro- 1 

Wt. doposit- 
•edper ain}>.- 
• lir. 

T 

• 

% 

• 

tr 

i 

■ 'ms-' 

grins. 

mm. 

Nickel . V 

' Ni" 

S9 

29i5, 

0-304^ 

1-094'= 

-0129 

Coba^ . 

Co’* 

59 

29 T) 

0-3(# 

1-099-= 

-0120 

Iron Jferrom) 

Fo" 

«() 

'ZH 

0-290 

1 -042 = 

-0128 

Zinc . . 

Zn" 

0,5 

32 5 

0-339 

W!I9 = 

-0171 

Cliromiura . 

o- 

• 52’5 

n-s 

0 182 

0-0519 == 

-0093 

Tin— . 
(atannona) 

Sii" 

118 

59 

0-7i8 

2-119 = 

-0302 

Copper— 







{cupric) . 

Cu" 

jos-o 

31-7 

0 3289 

1-180 = 

-0133 

(cuprous) . 

Cu* 

()3'5 

0 057 

2 372 

-0205 

Silver . . 

Ag 

108 

108 

f'lllS 

4-023 = 

-0380 

Lea<l 

Pb 

207 

103-5 

0-071 

:j-h57 - 







_ 


• Notes * 

1. “ T/ie Chemical l^uvaleiit of ^^meut -i dcfinctl^as that amount of it 
whioJ'. (ipmtincs with o^fekes the plaice of 1 pSj> (strietly 1008 parts) by weight 
of hydrogeaior 8 parts by weight of'bja[Soii).”>-<i. Keiiter, Text-hook of Inorganic 
CAeaWry, 1911, p. 121., y*’"-. r • ^ ^ 

• 2. The E^lro-6hanim Etpiivakn! of a substances* the amount of > deposited 

by i^Wilo^ (».*., 1 ai*j)6ft flowing'*)^ seaond) of eleetricity. _ ^ 

3. None o4tho nw,mbers g*i%n in Table XIV. is striiWy accurate—not «ven 
those rdjireseftting the atomic weights. they are sufficiently near to correct 
I values for all practical (workshop) purjioses. If at *ny time tt’iW'ader should, for 
some specml purpose, reipriro greater accwracy, he should consult one of the standard 
referred to in tlif^.#tes trf thi^ nook, ant^h^should take care that the book 
of the latest date. w 

ttb.. ^n.vAiiM a ii^his column (ex*pf those for tin and monovale 
from W. Lob, Lew^ukn dxr prakiischen. EU^rot^mie, 1899, Tabic 1, " 

* From A,J. AUmand, Practical Emtro-chemwtPi/. 

• “From Watt and Philip, Eleetro-yamig, 19(8, Table 9, p. ^6. 

jfg’f* 
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MODERN ELECTRO-PRATING 


TAJiLE XV 


Eqitivaleiits 

There are a number of equivalents that thoa^^n^agcd in th[; cle/Jiro-dcposition 
of metals have frequently to make use of.' They 'are given herW. . 

, 1 ounce (avdp./s 28-35 grammes. *■. , / 

1 galloAiimp.) =4-o436 1itres=4543 cubic oaitimetres. J ' 

1 „ (fe.S.) =3-785 litres. 

1 „ (Imp.) = 10 lb. (English).. i. 

1 „ (Imp.) =^pin*s = 3ygilb = 160ounces = 4k\logrammes94f)gramp‘cs, 

and-oonvcrscly, ' *v V- 

1 litre= 100 centilitres= 1 cub. d^metre= 1-76 Jinperial pint. 

= 2-114 U.S. pints. ‘ 
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Peposition/iactoTS of, 134 
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Elc6tii)-galva(jizing, 5, 69.'‘ 
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Eleptro-relining, general licvic\'' of, 1. ( 

Factoi-s of deposition, 134. ' 

„ effect on stractilre of, 134. 

Faraday’sl aws, 11. 

„ ptW-'-al importaneo of, 12. 

Field (iS.)—Reactions of acidSo]>per bath. 123. 

„ Zinc cxtiaetion by ehO'olysis, 1. 
Finishing dejx)sit.s, 41. 

Clelatin, effe(!t in plating solutions of, 34. 

„ use in Betts’ lead-plating bath of, 1(1 et see 

iHinrichs (p.)—Theory of Ionization, 17, 120. 


Ionic theory, 14. 

Ionization, Hinriohs’ views on, 17, 12b. 
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